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The information appearing in this publication is believed to be accurate. Integrated 
circuits sold by UMC are covered by the warranty and patent indemnification provisions 
stipulated in the terms of sale only. UMC makes no warranty, expressed, statutory, implied 
or by description regarding the information in this publication or regarding the freedom of 
the described chip from patent infringement. Furthermore, UMC makes no warranty of 
merchantability or fitness for any purpose. UMC reserves the right to halt production or 
alter specifications and prices at any time without notice. Accordingly, the reader 15 
cautioned to verify that the data sheets and other information in this publication are current 
before placing orders. 


Products described herein are intended for use in normal commercial applications. 
Applications which require extended temperature range, unusual environmental requirements, 
or high reliability applications, e.g. military, medical life-support or Ше sustaining 
equipment, are specifically not recommended without additional processing by UMC for 


such applications. 


Reference to products of other manufacturers is solely for purposes of comparison апа 
does not imp 





y total equivalency of design, performance, or other characteristics 


Preliminary: this product is in limited production. The specifications are preliminary 
and subject to change. Hence, prior to programming or designing this product into a system, 
the customer is advised to check with ОМС for current information. 


Advanced Product Description: this product has not been manufactured in маште. 
The specifications are preliminary and subject to change, and device characterization has 
not been fixed. Hence, prior to programming or designing this product into а system, the 
customer is advised to check with ОМС for current information 





Milestones in UMC's History 


Мау 
Арг. 
Dec. 


Aug. 
Nov. 


Oct. 
Арг. 
Јипе 
Јап. 

Dec. 


Aug. 


Dec. 
June 


1980 
1982 
1983 


-- Company formally established 
-- Production began 
-- Ranked first in profitability in Taiwan Top 500 


1984 -- Began VLSI process and product development 


1984 - 


- U.S. design facility established 


1985 -- Developed 1.5 micron 64K SRAM VLSI 


1986 -- 


1986 
1987 
1987 


1988 
1988 -- 


1989 


Developed 1.25 micron VLSI process with TRW, 

-- Contracted with SMC of U.S. on computer IC development 
-- Dataquest listed UMC 32nd in worldwide MOS sales 

-- Construction of US$260 million ULSI Plant began 

-- Construction of new R&D office building began 

Developed 1.0 micron 256K SRAM and 1М ROM 

-- ULSI Plant began production 
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MEDICAL APPLICATIONS 


UMC's products are not authorized for use in medical applications, 
including, but not limited to, use in life support devices without the 
written consent of the appropriate officer of UMC. Buyers of UMC 
products are requested to notify UMC sales offices when planning to 
use the products in the applications which involve medical applications. 


NOTICE 
The information in this document has been carefully checked. However, 
no responsibility is assumed for inaccuracies. 


The example of an applied circuit or combination with other equipment 
shown . herein indicates characteristics and performance of 
semiconductor-applied products. UMC shall assume no responsibility 
for any problem involving a patent caused when applying the 
descriptions in the example. 
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8-bit Microprocessor 


8 bit Binary Counter with Output Registers 


Memory Mapper 
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PC/XT Integration. Chip 

Clock Generator and Ready Interface 
Bus Controller 

CMOS Programmable Interval Timer 
CMOS Programmable Peripheral Interface 
CMOS Programmable Interrupt Controller 
CMOS Clock Generator and Driver 

Cache Controller 

Programmable DMA Controller (DMAC) 
Programmable Interval Timer 
Programmable Interrupt Controller | 


Integrated Peripheral Controller 
3865 Х/286 AT Chip Set 
System Controller 

Memory Controller 
Data/Address Buffer 

286 PC/AT Chip Set 
System/Memory Controller 
Data Buffer 

386 PC/AT Chip Set 
System Controller 

Address Buffer 

Data Buffer 

Memory Controller 

INTEL Cache Interface 
AUSTEK Cache interface 


HCGA Controller 

МОА Controller 

CRT Controller 

CRT Controller 

CRT Controller 

Color Palette with Triple 6-Bit DAC 
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22. Part Мо. Description Remarks Page 
^ STORAGE 
(/М8272А/А-4 Floppy Disk Controller 4, 8 MHz Versions 4-3 
UM83C001 Hard Disk Controller For РС/ХТ H. О. С 4-24 
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UM83C003 Hard Disk Controller Interface For PC/XT MFM Н. D. C. 4-63 
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Features 


Single БМ + 596 power supply 
N channel, silicon gate, depletion load technology 
56 instructions | 
Decimal апа binary arithmetic 
Thirteen addressing modes 
True indexing capability 
Programmable stack pointer 
Variable length stack 
Interrupt capability 
Non-maskable interrupt 
Bi-directional data bus 


General Description 


The UM6502/07/12 microprocessors are totally soft- 
ware compatible with one another. These products pro- 
vide a wide selection of addressable memory range, in- 
terrupt input options and on-chip clock oscillators and 
drivers. Тһе UM6502/07 on-chip clock versions аге 
aimed at high performance, low cost applications where 


Pin Configurations 
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8-bit Microprocessor 
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Addressable memory range of up to 64K bytes 
“Ready” input 

Direct memory access capability 

Bus compatible with MC6800 

Choice of external or on-board clocks 

1MHz, 2MHz, 3MHz and 4MHz versions 
On-chip clock options 

—External single clock input 

—Crystal time base input 

Pipeline architecture 


single phase inputs or crystals provide the time base, The 
UM6512 external clock version is geared to multiprocessor 
system applications where maximum timing control is 
mandatory. These products are bus compatible with the 
MC6800. 
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Absolute Maximum Ratings* 


supply Voltage Усс............... -0.3 to *7.0V 
Input Voltage VIN ................ —0.3 to +7.0V 
Operating Temperature Тд............... 01070 С 

мэтэ —55 to +150°С 


Storage Temperature Тѕтс 


АВ1 

ква |J INDEX = 
REGISTER 225 
Х 

АВЗ 

ABL 

STACK 22 

АВ4 со РОІМТЕН 
REGISTER 

ХЕБ (5) 
ALU 

A87 ее — = 








—— REGISTER SECTION 










1. CLOCK GENERATOR 15 МОТ INCLUDED ON UM6512 
2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH PRODUCT, 


INTERNAL DATA BUS 





CONTROL SECTION —— — e 












ES IRQ 


INTERRUPT 
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ММІ 



















INSTRUCTION 
DECODE 






TIMING 
МЕСІ 
$i 
9, 





Ф (INI 
q Ani UM6512 













CLOCK CLOCK |. UM6502 
GENERATOR INPUT | UM6507 
т ф OUT 
фу OUT 
АМ 








ОВЕ 





ова | DATA BUS 














*Comments 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only. Functional operation of this 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied and exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 
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DC Electrical Characteristics 
(Vcc = 5.0V #5%, ТА = 0 — 70°C) 
(фу, ó> applies to UM6512, Фо (in) applies to UM6502/UM6507) 


те ч [o ји 
ViH 

























Input High Voltage 5 
Logic and фо (in) for ) ( 1,2, 3MHz 5 
UM6502/UM6507 4 MHz Vcc 5. 
Ф, апа ф- опју Юг 5 

5 
Ма ) Ай Speeds Усс % 0.25 





Input Low Voltage 
Logic, Фо (in) (UM6502/UM6507) 


Ф1,%2 (UM651 2) 





Input Loading 
(Vin = ОМ, Усс = 525V) 


ы det d | и 
Input Leakage Current | 
(ViN = Ото 5.25 V, Vcc - 0) 
Logic (Excl. КОУ, S.O.) | 
| Фа, Ф2 (9М6512) i 
Фо (in) (UM6502/UM6507) 


Three-State (Off State) Input Current 
(Vin = 0.4 to 24У, Усс = 5.25М) 
DBO-DB7 


> 


ae | à | 


Е Е Е 
> > > 


Its) 


Ми. 
Ne 
Им 
Мон Output Най Voltage 
(1 одо = —100uAdc, Мсс = 4.75М) 1, 2 МН? 
SYNC, 080-087, АВО-АВ15, RAN 
С 


Е 
> 


Output Low Voltage 
(lLoAp = 1.6mAdc, Усс = 475V) 1,2 MHz 
SYNC, 080-087, АВО-АВ15, RAN 


Power Dissipation 1 MHz and 2MHz 
(Vcc = §.25V) 


Capacitance 


(Vin = 0, ТА = 25°C, f = 1 MHz) 








Cin RES, NMI, RDY, ТВО, 5.0., ОВЕ 
DBO-DB7 
Соит АВО-АВ15, RW, SYNC F 
Сфо (in) Фо (in) (UM6502/UM6507) 
C$, $i (UM6512) 
Сф, $> (UM6512) 
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Timing Waveforms 
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Dynamic Operating Characteristics 
(Vcc = 5.0 £596, Ta =0° to 70°C) 


UM6512 

Cycle Time 

Фу Pulse Width 

фу Pulse Width 

Delay Between Фу and Фо 

Ó, and фо Rise and Fall Times!) 


Microprocessor 


UM6502/UM6507 


Cycle Time 
(2) 


2) 


Фо (iN) Low Time 


Фо (iN) High Time! 


фо Neg to Фү Pos Delay (9) 
фо Neg to фу Neg Delay! 
фо Pos to фу Neg Delay ) 
фо Pos to $ Pos Delay (9) 
$9 (IN) Rise and Fall Time!!! 
фу (OUT), Pulse Width 


Фо (OUT), Pulse Width 
Delay Between Фү and $» 
фу and фу Rise and Fall Times!" 3) 


UM6502/UM6507/UM65 12 
R/W Setup Time 

R/W Hold Time 
Address Setup Time 
Address Hold Time 
Read Access Time 
Read Data Setup Time 
Read Data Hold Time 
Write Data Setup Time 
Write Data Hold Time 
Sync Setup Time 

Sync Hold Time 

RDY Setup Time!4) 








N 
b die ТОК ааа BOR ol Timing Diagram Note: 
қ п | 
2 ae ыг. | x ажиг Because the clock generation for the UM6502/UM6507 
. Measured a int. 
3- bead s p TL] ° йн 30 oF апа UM6512 is different, the two clock timing sections аге 
. Load = oa | | 
4. RDY Е tcn x : шахах dtd referenced to the main timing diagram by three reference 
must never switch states within T Rs to end of фл. . DT due кей 
lines marked REF “А” REF "В" and REF "С. Reference 
9. Load - 100 pF. between the two sets of clock timings is without meaning. 
6. The 2 MHz devices are identified by an “А” suffix. ‘Timing parameters referring to these line and scale varia- 
7. The 3 MHz devices are identified by.a “В” suffix. Эр . | 
| 'tions іп the diagrams are of no consequence. 
8. The 4 MHz devices are identified by а "С" suffix. 
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Pin Description 


Clocks (Фү ; $02) 
The UM6512 requires a two phase non-overlapping clock 
that runs at the Vcc voltage level. 


The UM6502/UM6507 clocks are supplied with an internal 
clock generator. The frequency of these clocks is ex- 
ternally controlled. .Clock generator circuits are shown 
elsewhere in this data sheet. 


Address Bus (ABO-AB15) 
: (See sections on each microprocessor for respective address 
lines on these devices.) 


These outputs are TTL compatible, capable of driving 
one standard TTL load and 130 pF. 


' Data Bus (DBO-DB7) 

. Eight pins are used for the data bus. This is a bidirec- 
tional bus, transferring data to and from the device and 
peripherals. The outputs are three-state buffers, capable 
of driving one standard TTL load and 130 pF. 


Data Bus Enable (DBE) 

' This TTL compatible input allows external control of the 
` three-state data output buffers and will enable the micro- 
` processor bus driver when in the high state. In normal 
‚ operation DBE would be driven by the phase two ($5) 
‚ clock, thus allowing data output from the microprocessor 
. only during $4. During the read cycle, the data bus drivers 
, are internally disabled, becoming essentially an open circuit. 
. То disable the data bus drivers externally, DEB should 
be held low. This signal is available on the UM6512 only. 


` Ready (RDY) 
~ This input signal allows the user to halt the microprocessor 
on all cycles except write cycles. A negative transition to 
the low state during, or coincident with phase one, ($1) will 
halt the microprocessor with the output address lines reflec- 
ting the current address being fetched. This condition will 
remain through a subsequent phase two ($5) in which the 
Ready signal is low. This feature allows microprocessor 
‘interfacing with low speed PROMs as well as fast (max. 2 
_ cycle) Direct Memory Access (ОМА). If ready is low during а 
. write cycle, it is ignored until the following read operation. 
. Ready transitions must not be permitted during $2 time. 


Interrupt Request (IRQ) 

. This TTL level input requests that an interrupt sequence 
. begin within the microprocessor. [he microprocessor will 
. complete the current instruction being executed before 
. recognizing the request. At the time, the interrupt mask bit 
in the Status Code Register will be examined. If the inter- 
rupt mask flag is not set, the microprocessor will begin an 
interrupt sequence. The Program Counter and Processor 
Status Register are stored in the stack. The microprocessor 
will then set the interrupt mask flag high so that no further 
interrupts may occur. At the end of this cycle, the program 
counter low will be loaded from address FFFE, and pro- 
gram counter high from location FFFF, therefore trans- 
ferring program contro! to the memory vector located at 
these addresses. The RDY signal must be in the high state 
for any interrupt to be recognized. A 3K 2 external resistor 
should be used for proper wire- OR operation. 
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Non-Maskable Interrupt (NMI) 

А negative going transition on this input requests that 
a non-maskable interrupt sequence be generated within 
the microprocessor. 


NMI is an unconditional interrupt. Following comple- 
tion of the current instruction, the sequence of operations 
defined for IRQ will be performed, regardless of the state 
interrupt mask flag. The vector address loaded into the 


program counter, low and high, are locations FFFA and 


FFFB respectively, thereby transferring program control 
to the memory vector located at these addresses. The 
instructions loaded at these locations cause the micro- 
processor to branch to a non-maskable interrupt routine 
in memory. 


NMI also requires an external ЗК resistor to Vcc for 
proper wire-OR operations. 


Inputs IRO and NMI are hardware interrupt lines that 
are sampled during $4 (phase 2) and will begin the ap- 
propriate interrupt routine on $, (phase 1) following the 


completion of the current instruction. 


Set Overflow Flag (S. O.) 
A NEGATIVE going edge on this input sets the overflow 
bit in the Status Code Register. This signal is sampled 
on the trailing edge of $,. 


SYNC 

This output line is provided to identify those cycles in 
which the microprocessor is doing an OP CODE fetch. The 
SYNC line goes high during ó, of an OPCODE fetch and 
stays high for the remainder of that cycle. If the RDY line 
is pulled low during the ó, clock pulse іп which SYNC 
went high, the processor will stop in its current state and 
will remain in the state until the RDY line goes high. In 
this manner, the SYNC signal can be used to control ROY 
to cause single instruction execution. 


Reset (RES) 

This input is used to reset or start the microprocessor 
from a power down condition. During the time that this 
line is held low, writing to or from the microprocessor 
is inhibited. When a positive edge is detected on the 
input, the microprocessor will immediately begin the 
reset sequence. 


After a system initialization time of six clock cycles, the 
mask interrupt flag will be set and the microprocessor 
will load the program counter from the memory vector 
locations FFFC and FFFD. This 15 the start location for 
program control. 


After Vcc reaches 4.75 volts in a power up routine, reset 
must be held low for at least two clock cycles. At this 
time the R/W and SYNC signals will become valid. When 
the reset signal goes high following these two clock cycles, 
the microprocessor will proceed with the normal reset 
procedure detailed above. 


Read/Write (R/W) 

This output signal is used to control the direction of data 
transfers between the processor and other circuits on the 
Jata bus. A high level on R/W signifies data into the pro- 
cessor; a low is for the data transfer out of the processor. 
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Programming Characteristics 


INSTRUCTION SET — ALPHABETIC SEQUENCE 


Add Memory to Accumulator with Carry 
"АМО" Memory with Accumulator 
Shift left One Bit (Memory or Accumulator) 


Branch on Carry Clear 
{Branch on Carry Set 

Branch on Result Zero 
Test Виз in Memory with Accumulator 
Branch on Result Minus 

Branch on Result not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 


Clear Carry Flag 

Clear Decimal Mode 

Clear Interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 


"Exclusive-OR'" Memory with Accumulator 


Increment Memory by One 
Increment Index X by One 
Increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Return Address 


ADDRESSING MODES 


Accumulator Addressing 
This form of addressing is represented with a one byte 
instruction, implying an operation on the accumulator. 


Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction, with no further memory 
addressing required. 


Absolute Addressing 

In absolute addressing, the second byte of the instruction 
specifies the eight low order bits of the effective address 
while the third byte specifies the eight high order bits, 
Thus, the absolute addressing mode allows access to the 
entire 65K bytes of addressable memory. 
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Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 


No Operation 
“OR” Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Rotate One Ви Left (Memory or Accumu- 
lator) 

Rotate One Bit Right (Memory or Accumulator) 
Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator with 
Borrow 

Set Carry Flag 

set Decimal Mode 

Set interrupt Disable Status 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Pointer 
Transfer Index Y to Accumulator 





Zero Page Addressing 

The zero page instructions allow for shorter code and 
execution times by only fetching the second byte of the 
instruction and assuming a zero high address byte. Careful 
use of the zero page can result in a significant increase in 
code efficiency. 


indexed Zero Page Addressing — (X, Y indexing) 

This form of addressing is used in conjunction with the 
index register and is referred to as "Zero Page, X" or 
"Zero Page, Y." The effective address is calculated by 
adding the second byte to the contents of the index 
register. Since this is a form of "Zero Page" addressing, 
the content of the second byte references a location on 


ураде zero. In addition due to the “Zero Раде" addressing ` 
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nature of this mode, no carry is added to the high order 
8 bits of memory and crossing of page boundaries does 
not occur. 


Indexed Absolute Addressing — (X, Y indexing) 

This form of addressing is used in conjunction with the X 
and Y index registers and is referred to as "Absolute, X," 
and ‘‘Absolute, Y." The effective address is formed Бу 
adding the contents of X or Y to the address contained 
т the second and third bytes of the instruction. This mode 
allows the index register to contain the index, or count 
value, and the instruction to contain the base address. 
This type of indexing allows any location, reference and 
the index to modify multiple fields, resulting in reduced 
coding and execution time. 


Implied Addressing 

In the implied addressing mode, the address containing 
the operand is implicitly stated in the operation code 
of the instruction. | 


Relative Addressing 
Relative addressing is used only with branch instructions 
and establishes a destination for the conditional branch. 


Тһе second byte of the instruction becomes the operand 
which 15 an “Offset” added to the contents of the lower 
eight bits of the program counter when the counter is set 
to the next instruction. Тһе range of the offset is-128 
to + 127 bytes from the next instruction. 


PROGRAMMING MODEL 
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ACCUMULATOR 
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INDEX REGISTER 
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INDEX REGISTER 
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PCH | PCL 


~, 
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STACK POINTER 





location on page zero. 


PROGRAM COUNTER "PC" 


215372 


Indexed Indirect Addressing 

іп indexed indirect addressing (referred to as ''Indirect, 
X”), the second byte of the instruction is added to the 
contents of the X index register, discarding the carry. 
The result of this addition points to a memory location 
on page zero whose contents is the low order eight bits 
of the effective address. The next memory location on 
page zero contains the high order eight bits of the effective 
address. Both memory locations specifying the high and 
low order bytes of the effective address must be on page 
zero. 


Indirect Indexed Addressing 


. {п indirect indexed addressing (referred to as “Indirect, 


У“), the second byte of the instruction points to a memory 
The content of this memory 
location is added to the contents of the Y index register, 
the result being the low order eight bits of the effective 
address. Тһе carry from this addition is added to the 
contents of the next page zero memory location, the result 
being the high order eight bits of the effective address. 


Absolute Indirect 

The second byte of the instruction contains the low order 
eight bits of a memory location. The high order eight 
bits of that memory location is contained in the third 
byte of the instruction. The content of the fully specified 
memory location is the low order byte of the effective 
address, Тһе next memory location contains the high 
order byte of the effective address which is loaded into 
the sixteen bits of the program counter. 


PROCESSOR STATUS REG Р” 


CARRY 1- TRUE 

ZERO 1- RESULT ZERO 
IRQ DISABLE 1 = DISABLE 
DECIMAL MODE 1 = TRUE 


ВЕК COMMAND 1 = ВАК 


1= TRUE 
1- NEG. 


OVERFLOW 





NEGATIVE 
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Clock Generation Circuits* 





“ Crystals used are CTS Knight MP Series or equivalents. (Series Mode) 
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instructions immediate implied (Шта. У) 
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Ordering information 












Part 
Number 


UM6502 | On-Chip | 40 | А/ 
UM6507 28 
UM6512 | Externa! | 40 | А/ 


тт 


V 64K 
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UM6502 UM6502A UM6502B UM6502C 
UM6512 UM6512A UM6512B UM6512C 





















V 
J 





1—13 






































0М6502Е 


8-Bit Microprocessor 





· Features 


UM6502E is the enhanced timing version of UM6502 
Single 5V + 5% power supply 

N channel, silicon gate, depletion load technology 
56 instructions 

Decimal and binary arithmetic 

Thirteen addressing modes 

True indexing capability 

Programmable stack pointer 

Variable length stack 

Interrupt capability 

Non-Maskable interrupt 


General Description 


The UM6502/UM6502E/UM6507/UM6512  microproces- 
sors are totally software compatible with one another. 
These products provide a selection of addressable memory 
range, interrupt input options and on-chip clock oscillators 
and drivers. Тһе UM6502/UM6502E/UM6507_ on-chip 
clock versions are aimed at high performance, low cost 


Pin Configurations 


с 
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Ф 
e 
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Bi-directional data bus 

Addressable memory range of up to 64K bytes 
"Ready'' input 

Direct memory access capability 

Bus compatible with MC6800 

Choice of external or on-board clocks 
1MHz, 2MHz, 3MHz and AMHz versions 
On-chip clock options  - 

— External single clock input 

— Crystal time base input 

в Pipeline architecture 


applications where single phase inputs or crystals provide. 
the time base. The UM6512 external clock version is 
geared for the multi-processor system applications where 
maximum timing control is mandatory. These products 
are bus compatible with the MC6800 product offering. 
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Absolute Maximum Ва па“ 





Supply Voltage Мас ............... -0.3 to *7.0V 
Input Voltage Vin ................. —0.3 to +7.0М 
Operating Temperature Тд............... О to 70°С 
Storage Temperature Topg ........... —55 to +150°C 


DC Electrical Characteristics 
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*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


(Мес = 5.0V +5%, TA = 0 — 70°C) 


(ó, , Фф з applies to UM6512, Фо") applies to UM6502/UM6502E/UM6507) 


Input High Voltage 


Logic and $0 (in) for aL 2, 3MHz 


UM6502/UM6502E/UM6507 “4 MHz 
ф and $ only for } 


UM6512 


Input Low Voltage 


Logic, Фо іп! 
фи, 9» (UM6512) 


Input Loading 
(Vin = 0 V, Vcc = 5.25\ ) 
RDY, 5.0. 


Input Leakage Current 
(Vin = 0 to 5.25 V, Vec = 0) 
Logic (Excl. RDY, S.O.) 
фи, 9; (UM6512) 


All Speeds 


Vec 
Vcc 


Vec + 0.25 


( UM6502/UM6502E/UM6507) 


Potin (UM6502/UM6502E/UM6507) 


Three-State (Off State) Input Current 
(Vin 0.4 to 2.4 V, Усс = 5.25 V) 
DB0-DB7 


Output High Voltage 
(Loap = —100 Adc, Vec - 4,75 V) 
SYNC, DBO-DB7, ABO-AB15, RAN 


Output Low Voltage 
(одр = 1.6mAdc, Vcc = 4.75М) 
SYNC, DBO-DB7, АВО-АВ15, RW 


Power Dissipation 
(Vcc - 5.25V) 


Capacitance 
(Vin = ( 0, TIa” 25° С, f = 1 MHz) 
RES, ММІ, RDY, IRO, 5.0., DBE 
DBO-DB7 у 
АВО-АВ15, ВМ, 5УМС 


1MHz and 2 MHz 


1, 2 MHz 


1, 2 MHz 


Po (in) (UM6502/UM6502E/UM6507) 


(UM6512) 
ф, (0М6512) 
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Block Diagram 
“--------- REGISTER SECTION CONTROL SECTION —— — —— — —— e 
RES IRQ NMI 
ABO INDEX INTERRUPT 
REGISTER ЕС 
Y 
АВ 
AB2 INDEX 
REGISTER 
x 
AB3 ROY 
ABL 
STACK 
ABA POINTER 
ста REGISTER 
(5) 
АВ5 
А а 
PR puse INSTRUCTION 
5 DECODE 
23 
АВ? Cara 2 
а 
LT 
« 
ADDRESS 5 
< 
BUS < 
tr 
ш 
т а Ë 
AB8 5 2 = [| TIMING 
а р CONTROL 
2 < ЖИ 
АВО < 2 
s [Р : 
ам 
АВ10 5 2 ! 
с UM6512 
9: им) 
АВ 
PROCESSOR 
STATUS CLOCK CLOCK] UM6502 
AB12 REGISTER GENERATOR INPUT UM6507 
dinum INPUT DATA 
lame LATCH 
na К] юэ фол 
ф» OUT 
AB14 R/W 
DATA BUS INSTRUCTION DBE 
AB15 BUFFER REGISTER 
аман i 
LEGEND: “КЕТҮ DB1 
082 
= 8 BIT LINE NX шэн 
DATA BUS 
————  *3BIT LINE EE 084 
085 
Ж 086 
087 


Notes: 1. Clock generator is not included on UM6512. 


2. Addressing capability and control options vary with each product. 
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Timing Waveforms 


UM6502/UM6502E/ Тсүс = 
UM6507 CLOCK TL фо H фо 


фо (IN) 
Тон 
фт (OUT) = | 
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$2 (OUT) 


i. d 


ADDR 


4 
тоо 
2 


ОАТА 


" ШШШ 7 


Ум6512 
CLOCKS 


E 2 


~ 


ШЕ 


$1 UN) 


Трууно2 
ф2 им) 





1-17 








Сомс UM6502E 





Dynamic Operating Characteristics (Усс = 5.0 + 5%, T4 = 0° to 70°C) 
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Cycle Time 
фо (IN) Low Time!2) 

Фо (IN) High Тіте(2) 

Ф, Neg to ф, Pos Delay 5? 
9, Neg to ф, Neg Delay 9) 
Ф, Pos to $, Neg Delay 9) 
$, Pos to ф; Pos Ое!ау(5) 
Фо (IN) Rise and Fall Time!!!) 
$, (OUT), Pulse Width 

p, (OUT), Pulse Width 

Delay Between ф, and ф, 


ф, and $, Rise and Fall 
Times! 1. 3) 


0М6502Е 
RAN Setup Time 
R/W Hold Time 





Address Setup Time 
Address Hold Time 


Read Access Time 





Read Data Setup Time 
Read Data Hold Time 
Write Data Setup Time 
Write Data Hold Time 


Sync Setup Time 









Sync Hold Time 
RDY Setup Тіте(4) 


0М6512 
Сусіе Тіте 










ф, Pulse Width 
ф, Pulse Width 
Delay Between $, and ф, 
ф, and ф, Rise and Fall 

Times!!! 


(Cont.) 











UMG502/UM6507 
Cycle Time 

9, (IN) Low Тите (2) 
Ф, (IN) High Тіте(2) 

1 Фу Neg to ф, Pos Delay (5) 
$, Мед to ф, Neg Delay!5! 
9Ф, Pos to ф, Neg Delay!9! 
Фо Pos to ф, Pos Delay 5) 
ф (IN) Rise and Fall Time! 1) 
$, (OUT), Pulse Width 
ф, (OUT), Pulse Width 
Delay Between $, and $, 


$, and ф, Rise and Fall 
Times(1, 3) 


UMG502/UM6507 /UM6512 
R/W Setup Time 

АЛМ Hold Time 
Address Setup Time 
Address Hold Time 
Read Access Time 
Read Data Setup Time 
Read Data Hold Time 
Write Data Setup Time 
Write Data Hold Time 
Sync Setup Time 

Sync Hold Time 

RDY Setup Time(4) 


Notes: 


Measured between 1096 and 9096 points. 

Measured at 5096 points. 

Load = 1 TTL load + 30 pF. 

RDY must never switch states within Таз to end of ф,. 
Load - 100 pF. 
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Timing Diagram Note: 


Because the clock generation for the UM6502/UM6502E/ 
УМ6507 and UM6512 is different, the two clock timing sections 
are referenced to the main timing diagram by three reference 
lines marked REF 'A', REF 'B' and REF 'C'. Reference between 
the two sets of clock timings. is without meaning. Timing 
parameters referring to these lines and scale variations in the 
diagrams are of no consequence. 


Microprocessor 














РІМ FUNCTIONS 


Clocks (90), ф,) 
Тһе UM6512 requires а two phase non-overlapping clock 
that runs at the Vcc voltage level. 


The UM6502/UM6502E/UM6507 clocks are supplied 
with an internal clock generator. The frequency of these 
clocks is externally controlled. Clock generator circuits 
are shown elsewhere in this data sheet. 


Address Bus (ABO-AB15) 
(See sections on each microprocessor for respective add- 
ress lines on those devices.) 


These outputs are TTL compatible, capable of driving 
one standard TTL load and 130 pF. 


Data Bus (DBO-DB7) 

Eight pins are used for the data bus. This is a bi- 
directional bus, transferring data to and from the device 
and peripherals. Тһе outputs are three-state buffers, 
capable of driving one standard TTL load and 130 pF. 


Data Bus Enable (DBE) 

This TTL compatible input allows external contro! of 
the three-state data output buffers and will enable the 
microprocessor bus driver when in the high state. In 
normal operation DBE would be driven by the phase 
two (фу) clock, thus allowing data output from micro- 
processor only during фу. During the read cycle, the 
data bus drivers are internally disabled, becoming 
essentially an open circuit. To disable data bus drivers 
externally, DBE should be held low. This signal is 
available on the UM6512 only. 


Ready (RDY) 

This input signal allows the user to halt the micropro- 
cessor on all cycles except write cycles. А negative 
transition to the low state during or coincident with 
phase one, (Ó,) will halt the microprocessor with the 
output address lines reflecting the current address being 
fetched. This condition will remain through a sub- 
sequent phase two (фу) in which the Ready signal is 
low. This feature allows microprocessor interfacing with 
low speed PROMS as well as fast (max. 2 cycle) Direct 
Memory Access (ОМА). If ready is low during a write 
cycle, it is ignored until the following read operation. 
Ready transitions must not be permitted during Ф2 
time. 


interrupt Request (IRQ) 

This TTL level input requests that an interrupt sequence 
begin within the microprocessor. The microprocessor 
will complete the current instruction being executed 
before recognizing the request. At the time, the in- 
terrupt mask bit in the Status Code Register will be 
examined. If the interrupt mask flag is not set, the 
microprocessor will begin an interrupt sequence. The 
Program Counter and Processor Status Register are 
stored in the stack. The microprocessor will then set 
the interrupt mask Над high so that no futher inter- 
rupts may occur. At the end of this cycle, the program 
counter low will be loaded from address FFFE, and 
program counter high from location FFFF, therefore 
transferring program control to the memory vector 
located at these addresses. The RDY signal must be in 
the high state for any interrupt to be recognized. А ЗКО 
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external resistor should be used for proper wire-OR 
operation. 


Non-Maskable Interrupt (ММ!) 

A negative going transition on this input requests that a 
non-maskable interrupt sequence be generated within 
the microprocessor. 

ММ! is an unconditional interrupt. Following com- 
pletion of the current instruction, the sequence of 
operations defined for IRQ will be performed, regardless 
of the state interrupt mask flag. The vector addresses 
loaded into the program counter, low and high, are 
locations FFFA and FFFB respectively, thereby trans- 
ferring program control to the memory vector located 
at these addresses. The instructions loaded at these 
locations cause the microprocessor to branch to a 
non-maskable interrupt routine in memory. 


ММ! also requires an external 3KQ resistor to Усс 
for proper wire-OR operations. 


Inputs IRQ and NMI are hardware interrupts lines that 
are sampled during ó, (phase 2) and will begin the 
appropriate interrupt routine on the $4, (phase 1) 
following the completion of the current instruction. 


Set Overflow Flag (S. O.) 
A NEGATIVE going edge on this input sets the overflow 
bit in the Status Code Register. This signal is sampled 
on the trailing edge of фу. 


SYNC 

This output line is provided to identify those cycles in 
which the microprocessor is doing an OP CODE fetch. 
The SYNC line goes high during фу of an OP CODE 
fetch and stays high for the remainder of that cycle. ЇГ 
the RDY line is pulled low during the $, clock pulse 
in which SYNC went high, the processor will stop in 
its current state and will remain in the state until the 
RDY line goes high. In this manner, the SYNC signal 
can be used to control RDY to cause single instruction 
execution. 


Reset (RES) | 

This input is used to reset or start the microprocessor 
from a power down condition. During the time that this 
line is held low, writing to or from the microprocessor 
is inhibited. When a positive edge is detected on the 
input, the microprocessor will immediately begin the 
reset sequence. 


After a system initialization time of six clock cycles, the 
mask interrupt Над will be set and the microprocessor 
will load the program counter from the memory vector 
locations FFFC and FFFD. This is the start location for 
program control. 


After Усс reaches 4.75 volts in a power up routine, 
reset must be held low for at least two clock cycles. At 
this time the R/W and SYNC signal will become valid. 


When the reset signal goes high following these two 
clock cycles, the microprocessor will proceed with the 
normal reset procedure detailed above. 


Read/Write (R/W) 

This output signal is used to control the direction of 
data transfers between the processor and other circuits 
on the data bus. A high level on R/W signifies data into 
the processor; a low is for the data transfer out of the 
processor. 
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PROGRAMMING CHARACTERISTICS 





INSTRUCTION SET — ALPHABETIC SEQUENCE 


Add Memory to Accumulator with Carry 
"AND" Memory with Accumulator 
Shift left One Bit (Memory or Accumulator) 


Branch on Carry Сіраг 

Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus 

Branch on Result not Zero 

Branch on Result Plus 

Force Break 

Branch on Overflow Clear 

Branch on Overflow Set 


Clear Carry Flag 

Clear Decimal Mode 

Clear interrupt Disable Bit 

Clear Overflow Flag 

Compare Memory and Accumulator 
Compare Memory and Index X 
Compare Memory and Index Y 


Decrement Memory by One 
Decrement index X by One 
Decrement Index Y by One 


"Exclusive-or" Memory with Accumulator 
Increment Memory by One 


Increment Index X by One 
Increment Index Y by One 


Jump to New Location 
Jump to New Location Saving Return Address 


ADDRESSING MODES 


Accumulator Addressing 
This form of addressing is represented with a one byte 
instruction, implying an operation on the accumulator. 


Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction, with no further memory 
addressing required. 


Absolute Addressing 

In absolute addressing, the second byte of the instruc- 
tion specifies the eight low order bits of the effective 
address while the third byte specifies the eight high 
order bits. Thus, the absolute addressing mode allows 
access 10 the entire 65K bytes of addressable memory. 


Zero Page Addressing 
The zero page instructions allow for shorter code and 
execution times by only fetching the second byte of the 


UM6502E 


Load Accumulator with Memory 

Load Index X with Memory 

Load Index Y with Memory 

Shift One Bit Right (Memory or Accumulator) 


No Operation 
“OR” Memory with Accumulator 


Push Accumulator on Stack 
Push Processor Status on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumu- 
lator) 

Return from Interrupt 

Return from Subroutine 


Subtract Memory from Accumulator 
with Borrow 
Set Carry Flag 


Set Decimal Mode 

Set Interrupt Disable Status 
Store Accumulator in Memory 
Store Index X in Memory 
Store Index Y in Memory 


Transfer Accumulator to Index X 
Transfer Accumulator to Index Y 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Pointer 
Transfer Index Y to Accumulator 





instruction and assuming a zero high address byte. 
careful use of the zero page can result in significant 
increase in code efficiency. 


Indexed Zero Page Addressing — (X, Y indexing) 

This form of addressing is used in conjunction with the 
index register and is referred to as "Zero Page, "X" or 
"Zero Page, Y." The effective address is calculated by 
adding the second byte to the contents of the index 
register. Since this is a form of "Zero Раде“ addressing, 
the content of the second byte references a location in 
page zero. Additionally due to the “Zero Page” address- 
ing nature of this mode, no carry is added to the high 


order 8 bits of memory and crossing of page boundaries | 


does not occur. 


Indexed Absolute Addressing — (X, Y indexing) 
This form of addressing is used in conjunction with X 
and Y index registers and is referred to as "Absolute, 
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X," and "Absolute, Y.” The effective address is formed 
by adding the contents of X or Y to the address con- 
tained in the second and third bytes of the instruction. 
This mode allows the index register to contain the index 
or count value and the instruction to contain the base 
address. This type of indexing allows any location 
referencing and the index to modify multiple fields 
resulting in reduced coding and execution time. 


implied Addressing | 

In the implied addressing mode, the address containing 
the operand is implicitly stated. in the operation code 
of the instruction. - 


Relative Addressing 
Relative addressing is used only with branch instructions 
and establishes a destination for the conditional branch. 


The second byte of the instruction becomes the operand 
which is an “Offset” added to the contents of the lower 
eight bits of the program counter when the counter is set 
at the next instruction. The range of the offset is-128 
to * 127 bytes from the next instruction. 


indexed Indirect Addressing 

In indexed indirect addressing (referred to as (Indirect, 
X] ), the second byte of the instruction is added to the 
contents of the X index register, discarding the carry. 


PROGRAMMING CHARACTERISTICS 


PROGRAMMING MODEL 


A 


Y 


X 


7 ф 
| А | ACCUMULATOR 
7 ф 
INDEX REGISTER 
7 ф 
С] мов» REGISTER 

15 7 ф 

РСН PCL PROGRAM COUNTER “РС” 


7 


ф 
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Тһе result of this addition points to а memory location 
on page zero whose content is the low order eight bits 
of the effective address, The next memory location in 
page zero contains the high order eight bits of the 
effective address. Both memory locations specifying 
the high and low order bytes of the effective address 
must be in page zero. 


Indirect indexed Addressing 

In indirect indexed addressing (referred to as [Indirect] , 
Y), the second byte of the instruction points to a 
memory location in page zero. The content of this 
memory location is added to the contents of the Y 
index register, the result being the low order eight bits 
of the effective address. The carry from this addition 
is added to the contents of the next page zero memory 
location, the result being the high order eight bits of th 
effective address. 


Absolute Indirect 

The second byte of the instruction contains the low 
order eight bits of a memory location. The high order 
eight bits of that memory location is contained in the 
third byte of the instruction. The content of the fully 
specified memory location is the low order byte of the 
effective address. The next memory location contains 
the high order byte of the effective address which is 
loaded into the sixteen bits of the program counter. 


PROCESSOR STATUS REG "P" 


CARRY 1 = TRUE 
2ЕНО 1 = RESULT ZERO 
IRQ DISABLE 1 = DISABLE 


DECIMAL MODE 1 = TRUE 
BRK COMMAND 1 = BRK 


OVERFLOW 1 = TRUE 





NEGATIVE 1 = МЕС. 











umc ИМ6502Е 















JUMPER "А" ---4 
JUMPER “В” = +2 


Clock Generation Circuits* “Crystals used are CTS Knight MP Series or equivalents. (Series Mode) 
Г OSCILLATOR CIRCUIT T DIVIDE BY 2 OR 4 CIRCUIT ЛЕ 
| (ONE TTL PACKAGE REQUIRED) | (ONE TTL PACKAGE REQUIRED) | Š 
| S 0.05 НЕ | +5V ву | 5 
А 113 2 
| | --.____[5 R al | $euMeso2/UMeso2E Š 
| 15k | в 12 9 | /UM6507! 5. 
2.2K 2.2K | 577% 1/2 | Ф 1 (UM6512) E 
| 741574 5 
| № | ES > c ç OF $> (UM6512) 
5 6 3 4 1 2 š 
| | | 
| 500 РЕ | 
| | | 
= | +5V +5V | 
| | | 









пета | o9 — 


3.579545 MHz 1.7897 MHz 0.894886 MHz 
4.194304 MHz 2.097152 MHz 1.048576 MHz 






UM6502/ 
UM6502/UM6507 UM6507 





Crystal Application Circuit 


' Ordering Information 


омео | - | - | 








Part 
Number 


ЕСІГІ 

















СӘ ме | | UM6502E 


Instruction Set 





IMME- ABSO- ZERO- 
INSTRUCTIONS DIATE LUTE PAGE ACCUM | IMPLIED | | (ND. Y) Y) 



























































A C| A*M*C^aA (4) (1) | 69 2 65| 3| 2 61 71 
A D| АлМ->А (1) | 29 2 2D 25| 312 21 3 31 
А L| се 9] — ОЕ 06| 5| 2 |ОАЈ 2 

2) С | BRANCH ON С = 0 (2) 

в S | BRANCH ON C = 1 (2) | 

в а | BRANCH ОМ 2 = 1 (2) 

в Т | АЛМ 2С 

в | | BRANCHONN = 1 (2) 

B Е | BRANCH ОМ 2 =0 (2) 3 

в L | BRANCH ON N = 0 (2) | 

в К | BREAK. 

в С | BRANCH ON V #0 (2) 

в $ | BRANCH ОМ V = 1 (2) 

C с|о-»с 18| 2| 1 

С D| 0-0 08| 2| 1 

С 0-1 58 | 2| 1 

С 0->У 88| 211 
Зе А-М С9|2| 2| с0|4 | 3| C5 С1 
C Х-М Е0| 2| 2|ЕС141| 3| E4 

C Y-M (С0|12|21СС1413| ca 

D 

D 

D 

E 

| 


т->-<хж 
+< | | 
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54141444 


Ф»«х|їр-хї 
мм 


C6 2 

CA 

88 
45 51 
E6 





EE 



















Х + 1 ЕВ| 2 
Ү +1 С8| 2 
JUMP ТО 4С 3 
JUMP SU 20. 3 
MA АВ | 2 | 2 | AD 3| АБ| 312 
M — x 3] A6 2 
MY 3| A4 2 
3| 46 2 2 

N EA 
A —A 3| 05 2 11 
A SS 
P SS 
S 

2E 


о 
№ 
N 
> 
Moon 
595596 


Оссо-2| Гэрт» | рза <ж| >2-<х| ож<жо| <х<-- 


А2| 2 | 2] АЕ | 4 

AO} 2 | 2 | АС | 4 
4Е | 6 

09| 21 210014 
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RTRN SUB 
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1C 

1-0 
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оо оо 
ME NN 
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Notes: (1) ADD 1 TON IF PAGE BOUNDARY IS CROSSED 
(2) ADD 1 TON IF BRANCH OCCURS ТО SAME PAGE 
ADD 2 TO М IF BRANCH OCCURS TO DIFFERENT PAGE 
(3) CARRY МОТ = BORROW 
(4) IF IN DECIMAL MODE 2 FLAG IS INVALID | 
ACCUMULATOR MUST ВЕ CHECKED FOR ZERO RESULT 







1—24 














Соме | | ИМ6502Е 


ABS. Y RELA- INDI- 2 Хэв дамыды ыы 
TIVE RECT 


PEPEE ен а peu 
7р1 4 
30 | 4 
1Е| 7 
90 
во 
30 
00 
10 
50 | 2 
7012 














0 
2 INV. BDI ZC| 
2 С 
2 x 
2700 








m 
o 


i= 
° 
л 
м 
Y 
о 
е) 
ыг 
а. 
° 
~ 
= 
> 





ммм N| NN 


NNN N 
О0сСбОо0СО5|гт--0 {| оог Оо 








Ф222 2| 222. · 
NNNNN| NNN. - 


то (9) 
an о 
о > 

чь ч 













чь 


> 


В4 вс 
56 БЕ 
15 10 
76 ТЕ 
F5 FD 


9 
9 












(RESTORED) 


~ 











(RESTORED) 


О009- тт | горор | рРрза<х | рзо<ж|оп<жо| <«жо<- 


> о 
л 
| = 
шэг 






хххоррруч4аачат ттю-4чО| Оггтт | зоосоо 00222 | 2 Опттп| ээїгг | сс «си 222—т|ооого 


+ хо] оодо21222| оо О2ггг | г-<-<---- 


РОРХ<| х<жр- 









X INDEX X ADO MEMORY BIT 7 
Y INDEX Y — SUBTRACT Mg MEMORY BIT 6 
A ACCUMULATOR ^ AND n NO. CYCLES 

M MEMORY PER EFFECTIVE ADDRESS V OR #  NO.BYTES 

Ms MEMORY PER STACK POINTER Мм EXCLUSIVE OR 






1-25 


| С) UMC 






PC Mainboard I 


Part No. 


Description 


Page 


UM74HCT590 
UM74HCT612 
UM74HC646 
имвгсова 
UM82C284-10/-12 
UM82C288-10/-12 
UM82C54/-2 
UMB82C55A 
UMB82C59A-2 
UM82C84AE 
UM82152 
UM8237AE/-4/-5 
_ 9М8253/-5 
9М8259А-2 


8 bit Binary Counter with Output Registers ............. 2-3 
Memory Маррег...................................... „ Жей 
Оста! Bus Transceiver and Register.............. . 2-13 
КЫЛТ Fitegration Cp. o ue аса U... u... u 7-19 
Clock Generator and Ready Interface ....................... 2-41 
Др) SS LLULLU u 1 L. a 2-48 
CMOS Programmable Interval Тїтег......................... 2-63 
CMOS Programmable Peripheral Interface ................ 2-79 
CMOS Programmable Interrupt Controller ................ 2-98 
CMOS Clock Generator and Driver .............. . 2-115 
Cache Controller .. — TERM · 2-122 
Programmable DMA санчийн IDMAC).. Сы изн 2-126 
Programmable Interval Timer ..................................... 2-142 
Programmable Interrupt Controller ............... · 2-153 


© 
ы 
т 
О 
2 
Е 
5 
= 
U 
б. 











C 
ra 
(] 








Features 


8-bit binary counter with parallel register output. 
3-state register output. 
Direct clear to counter. 


General Description 


This is an 8-bit binary counter that feeds an 8-bit storage 
register. Тһе register has parallel Tri-state outputs OA — 
OH enabled by G = 0. Two separate clocks, CCK and 
RCK, are provided for both the binary counter and storage 
register. The binary counter features a direct clear input 
CCLR and a count enable input CCKEN. For cascading, 
a ripple carry output ВСО is provided. Expansion is easily 
accomplished for two stages by connecting RCO of the 


Pin Configuration 


QB 
ac 
QD 
ОЕ 
ОР 
ос 
он 
GND 


с 
5 
ч 
~ 
т 
о 
at 
.© 
o 





QA-QH Register Output. 

RCK Register Clock, Positive Trigger. 
CCK Counter Clock, Positive Trigger. 
RCO Ripple Carry Output. 


G Output Enable, G = 1 = Output = High-Z. 
Counter Соск Enable, Active Low. 
Counter Clear, Active Low. 





High speed counter with guaranteed frequency: DC to 


UM74HCT590 
8-bit Binary Counter with 


Output Registers 


20 MHz. | | 
в High driving capability (Ip, = 24 mA, VoL = 0.5V) for 
. direct interface with TTL, NMOS and CMOS devices. 
Ш Can drive up to 20 TTL loads. 


first stage to CCKEN of the second stage. Cascading for 
larger count chains can be accomplished by connecting 
RCO of each stage to CCK of the following stage. 





Both the counter and register clocks are positive-edge. | 


When connecting both clocks together, the counter state 
will always be one count ahead of the register. 


Block Diagram 









TREE 
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UM74HCT590 

Absolute Maximum Ratings* *Comments 
Supply Voltage, Усс.................. —0.5 to 7V Stresses above those listed under ''Absolute Maximum 
Input Voltage V, . 2 | TET 2... .—05N to +7М Ratings" may cause permanent. damage to the device. 

These are stress ratings only. Functional operation of 

А x ° š . . 

Operating Free-Air Temperature Range... —40°С to 85 C this device at these or any other conditions above those 
Storage Temperature Range ......... —55°C to 125°C indicated in the operational sections of this specification 


| р OE 0.55 mW ‚ 5 not implied and exposure to absolute maximum rating 
АДА А ИТАН СОЕ У conditions for extended periods тау affect device ге- 
liability. 


' DC Electrical Characteristics (У. = 5V, T4 = 0°C to 85°С) 


Input High-Level Voltage 





















Input Low-Level Voltage 





High-Level Output Current 
On QA ~ ОН 





Low-Level Output Current 
On QA ~ ОН 





High- Level Output Current 
On RCO 






Low-Level Output Current 
On RCO 


High-Level Output Voltage 
Low-Level Output Voltage 
Input Current 


OFF-State Output Current 
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Recommended Value 





Timing Requirement and Switching Characteristics: 
(Мыр = 5V, ТА = 0°C to 85°C) 


Parameter 


Ty 


5 






МН? 







Clock Frequency CCK ог ССВ: Е max. 


Pulse Width of CCK or RCK: Ty 


N 
O 


Ú | 
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> 











Pulse Width of CCLR:' Tw 
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Recommended Value 
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Count enable time: ССКЕМ Low 
before CCK f 










N 
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№ 
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Recommended Value 


wn 






” ” 


Clear inactive set-up time: Tsu 
CCLR Low go High before CCK 1 






Recommended Value 


е 







Time Delay from ССК чо ВСОТ: ТЬ н 
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2 
о 


(> 





о 


N N 
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Time Delay from ССК f to RCO $: Tp, 





Time Delay from CCLR 4 to RCO f: Тың 








Time Delay from ВСК f to ОТ: Тың 







— 


M 


— NA 
М NR № 
o 


2 
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Time Delay from RCK f toO 4: Тың 











Q Floating to О Low: Tpz, n 


N 







Time Delay 
when 6 4 





Q Floating to Q High: Трон 











Q High to Q Floating: 15 







М 
В 
5 
o 


Time Delay 
when G f 





О Low to О Floating: 






ns 





Note: The Parameter Symbol, Voltage Waveform and Measurement Information is Shown оп the Next Page. 
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Parameter Measurement: (Conditions under Vpp = 5V, ТА = 25°С) 





Totem Pole Outputs: Tri-State Outputs: (OA ~ OH) 


True o Трън S, CLOSE 


= 


FROM OUTPUT Тр2і ог Тръг 5; ОРЕМ 


. NDER TEST 
FROM OUTPUT UNDER TEST у оын 


т t T, = 
Р о 
РН PHZ — с CLOSE 


ССК ос НСК 
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Memory Mapper 





Features 
B Fully compatible with TTL, NMOS and CMOS devices. B Designed for paged memory mapping. 
B Expands 4 address lines to 12 address lines. в High-current 3-state outputs. 


General Description 
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Тһе UM74HCT612 essentially contains а 4-line їо 16-line the control of R/W. 
decoder and а 16-word by 12-bit RAM. И is designed to 





expand a microprocessor's memory address capability by When CS is high and MM (Map Mode' Control) is active 
8 bits (from 4 to 12). That is, four bits of the memory low, the map operation will output the contents of map 
address bus can be used to select one of 16 map registers register selected by the map address input (МАО ~ МАЗ). 
that contain 12 bits each. These 12 bits are presented to | 

the system memory address bus along with the unused When CS and MM are both high (pass mode), the address 
memory address bit from the CPU. By periodically re- bit on МАО ~ МАЗ appears at МОВ ~ МО11, respectively, 
loading the mapper registers from the data bus, one can with the other bits forcing low level. MOO ^ MO7 are 
access any of the 16 pages of memory. low. 

There are four modes of operation (read, write, map, and АП outputs are tri-state outputs with high current сара- 
pass). When CS (Chip Select) is active low, through DO ~ bility. Тһе STROBE input is used to enter data into . 
07, дата may be read from or written into the map register selected map register during 1/О operation. Map outputs 


selected by the register select inputs (RSO ^ RS3) under are enabled by the МЕ input. ` 


"Рт Configuration Block Diagram 


| < — 


МАФ МАЗ | 


MULTI. | MM 
PLEXER Ёо 
В59--853 | МЕ 
| 
ADDRESS А 


dum) ?2 А» мов~'' 
MULTI: Я BUFFER 


PLEXER 
Сф моо? 





16 x 12 RAM 


о о м mo rr ы ом = 






cs 
Я .. NTR 12 
ям GATING CONTROL 


E out тт”) 
STROBE - 


5 
~ 
> 
I 
о 
M 
o 
= 
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~on Care Yoana 


EN 
BUFFER 





MO1 

MO2 
MOS 
мо4 
MOS 


Vss 








“МС: Not connected. 
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Absolute Maximum Ratings* *Comments 
Stresses above those listed under "Absolute Maximum 
D.C. Supply Voltage, Урр............. -0.5У to 7V Ratings" may cause permanent damage to the device. 
(respect to Vas) These are stress ratings only. Functional operation of 
Input Voltage Vr. 222222 еке es —Q.5V to 7V this device at these or any other conditions above those 
Operating Temperature ............... (PC to 70°С indicated in the operational sections of this specification 
toraja Temperate un а Dad —65°С to 150°C is поі implied and exposure to absolute maximum rating 
| Жеке conditions for extended periods may affect device re- 

‚ Maximum Power бізвірайоп................. 0.1W 


liability. 


DC Electrical Characteristics 
(Мор = 5V + 1096, Ta = 0°С ~ 70°С) 
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Output High-Level Voltage 
on DO ~ 011 












Output High-Level Voltage 


4.0 
on MOO ~ MO11 
4.3 


ес 

БЕС: 
1.0 
5 





Output Low-Level Voltage 
on 00-011 


Output Low-Level Voltage 
on MOO ~ МО11 


OFF-State Output Current —5 
Steady Current 






10 Vin = Vpp ог ОУ, No Load. 
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Timing Requirement and Switching Characteristics: (Ур, = 5V + 10%, T4 = 0°C to 70°C) 


Recommended Value 


| Recommended Value 


Recommended Value 


Recommended Value 


Figure 1 with 
RL=1K, СЕ = БОР; 





Parameter 


< 
5 


N 
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Pulse Width of STROB: Терм 


CS Setup Т ите: Tcssu 
(CS low to 5ТВОВ low) 


N 
O 


N | № 


R/W Setup Time: Trwsu 
(R/W low to STROB low) 


RS Setup Time: Trssu 
(RS valid to STROB low) 








DATA Setup Time: Tdasu 
(DO—D11 valid to STROB high) 
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CS Hold Time: Tcshd 


ns 
ns 
S 
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S 
( STROB high to CS high) Š 


n 
n 
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PC Mainboard 


R/W Hold Time: Trwnd 
(STROB high to R/W high) 
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RS Hold Time: Trshd 
(.STROB high to RS invalid) 


| 


N 
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DATA Hold Time: Tdahd 
(STROB high to DO — 011 invalid) - 


| 
205 


Q 
о ол 


ns 
ns 
ns 
RSto 00-011: TRSDV 
(Трн. ог TpLH) Э 









n 


CS to 00—011: TCLDV 
(TpZL or TpZH) 


N 
о 


oi 







CS f to DO—D11, disable: TCHDZ 
(ТрН4 ог TpLZ) 


2 
о 





-Timing Diagram 
R/W + to 00-011: TWHDV see Figure 6. 


(TpZL or TpZH) 





N 
© 


R/W 4 to DO—D11, disable: TWLDZ ` 
(TpHZ ог TpLZ) 


CS + to МО0- МО11. TCHO 
(TpHL or TpLH) 


со 
сл 
2 
e 


со со > сл 
о О o 
о о e U 


MM J to MOO—MO11: TMLO 


(TpHL or TpLH) 20 


+ 
e 
о 





MM f to МОО-МО11: ТМНО 


(TpHL or TpLH) 22 


Figure 1 with ° 


MA to MO0—MO11, MM = low: ТАМО RL =1K; СЕ = 50Р, 


(ТРН. ог TpLH) 


~J 
о 
л 


Timing Diagram 
see Figure 7. 


MA to МОВ — MO11, MM = high: TAVO2 
(ToHL ог TpLH) 


= 





со 
© 


- — 
A - е 


МЕ | to MOO—MO11: ТЕГО | 

(Тр2 ог TpZH) | n 
ME t to MOO—ME11, disable: TEHOZ 
о (TpHZ ог TpLZ) 





<-> 
№ 
о 
о 





Note: See Figures 2, З, 4, апа 5, for definitions of Трн, TpHL, TpHZ, трі 2, TpZH, TpZL. 
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(Әиме | UM74HCT612 


Pin Description 
МО connection to data and control|bus. Used for reading from ог writing into the map register. 


00-011 


RSO—RS3 Register select inputs for 1/О operation. 


Read or write control pin used in I/O operation. When low, data bus is used to write into register. 


































When high, data bus is used to read from register. 


STROB Strobe jinput. Used to enter data into register. 
Chip select input. When low, the Read and Write Modes are active. 
“МА0-МАЗ Inputs to select one of 16 registers, when іп map mode. 


Map outputs. Present the map register contents to the system memory address bus in the map 
mode. When in pass mode, these outputs provide the map address data on МОВ — MO11 and low 
level on MOO—MO! 1. 


































Map mode input. When low, the map mode isactive; when high, it is in pass mode. 


Map output enable pin. 
impedance. 








When low, outputs МОО--МО11 are active. When high, these are high 


Function Table 


Write Mode, DO ~ D7 = Selected Register. 


Read Mode, Selected Register > DO~ D7. 
Map Mode, Register Contents => МОО ~ МО11 (И ME = 0). 


Pass Mode. 
МАО ~ МАЗ 2 MD8 ~ МО11 and МОО ~ МО7 аге all low 
(If МЕ = 0). 





Parameter Measurements 
3-State Output 


| Меки | а | з 
Ореп 


ТЕ5Т РОМТ 
цацаг ын ME жик. 
Open Closed 
E Open 


Figure 1 
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Set-Up and Rise, Fall Times 


REFERENCE 
INPUT 


1 
р 
i 
i 
„| 
| 


Tdasu => Data Valid to STROE High. 
тдаћа => STROB High to Data Invalid. 





Figure 2 


PC Mainboard 





Pulse Duration 


HIGH-LEVEL 


LOW-LEVEL 


Ех: Туи => STROB Puise Width. 





Figure 3 
Delay Times 


OUTPUT IN-PHASE 


OUTPUT OUT-OF-PHASE 


Note: The input signal is characteristic with Тр = Tí = 6 ns Zou = 508. 





Figure 4 | ; 
Enable or Disable 


CONTROL 


OUTPUT Уон 


Д------Мор 


Трн2 LH 


| 
ча emm c Von 


OUTPUT Vg, 


Note: The input signai is characteristic with [Tr = Тре 6 ns Zout = 500. 





Figure 5 
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(Фоме UM74HCT612 


Timing Waveforms 





Read and Write Mode 


= НИ — 
— 


| 


т 


cssu Тсөһа 


| 
| 
| 


1 
1 му — Пила 


44 


L` 


rssu 
! Trshd 


|| . 


| | | 
т т T | | — Та 
WLDZ —= [+—— Tdasu M | = WHD ЦИ talon SDV f= 


+ TcLpv— 
1 OUTPUT | OUTPUT Ч ОЏТРЏТ OUTPUT 
NPUT VALID 
VALIO ! VALID VALIO VALID 
J 
=> : Don't саге. 








14... 


NEW ADDRESS 


VALI 
ыр VALID 


r 


x 
É 





Figure 6 
Map and Pass Mode 


d 


МОО ~ МО7 





Figure 7 
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цас UM74HCT646 


Octal Bus Transceiver 
and Hegister . 


L 








Features 

m 8 bi-directional data bus m Low power consumption with function, pin-out, speed | 

в Transmits real-time data or stored data in either and drive compatibility with 74LS logic family and 
direction interfaces directly with TTL, NMOS and CMOS devices 


E T | = Avai i | 
в 3-state outputs with driving capability for direct bus ПУЛА 


interface 
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General Description 


The UM74HCT646, fabricated using the UMC silicon gate Data on the A or B bus will be clocked into the registers 


CMOS process, is a bi-directional bus transceiver with D-type on the low-to-high transition of the appropriate clock pin 
flip-flops and control circuitry arranged for multiplexed (САВ or СВА). The examples demonstrate the four fund- 
transmission of data directly from the input bus or from amental bus-management functions that can be performed 
the internal registers. with the octal bus transceivers and registers. 
Pin Configuration Block Diagram 

SAB — 


58А 
САВ 
СВА 


CONTROL LOGIC 


= 
| 
K= 
о ol 


A:DFF AND &:DFF ANO 
22) 81 


MULTIPLEXER MULTIPLEXER 


A2 82 


|: 
Ч 


АЗ вз 


E: 
қ 
ih 


А4 B4 


Е: 
Ë 
| 


SP9LOHP LINN 


А5 85 


JU 


AB B6 


А? 


| 


в7 





| 
- 
il 


AB B8 


L 
r, 
+ 
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Absolute Maximum Ratings* *Comments 
supply Voltage, Мсс....................... 7М Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
Operating Free-Air Temperature These are stress ratings only. Functional operation of this 
device at these or any other conditions above those indi- 
hup MMC 0°C to 70°C cated in the operational sections of this specification is not 
implied and exposure to absolute maximum rating condi- 
Storage Temperature Range ...`...... —55°C to 125°C tions for extended periods may affect device reliability. 


Сун | нею про Vote _— 
Гу | хөвсөн төл моја — 


Input Current 
(all except 1/О pins) 


СЕ Low-Level Output Voltage - 
3-state Leakage Current 
When Output is Disabled 


ісе | Quiescent Supply Current 





Vcc 
ViH 
Уы 
Уон 
VoL 
loz 
lec 


AC Characteristics (Input t,, 1; < 2 ns) 


Maximum Clock Frequency = 50 pF 


CL 
Maximum Propagation Delay, С, = 50pF 
A or B Input to B or A Output = 
Р р C, = 50 pF 


Maximum Propagation Delay, C, = 50 pF 
CBA or CAB Input to 


A or B Output C, = 50 pF 


Maximum Propagation Delay, C, = 50 pF 
SBA or SAB Input to A or B Output 


(with A or B High) C, =50 pF 
Maximum Propagation Delay, C, =50 pF 
SBA or SAB Input to A or B Output 


(with A or В High) C, =50 pF 
Maximum Output Enable Time, | R 
G or DIR Input to A or B Output L 
PZH 
Maximum Output Disable Time, В. =1k& 
G or DIR Input to A or B Output С, = 50pF 
t Pulse Duration, Clock 
w High or Low 
t Setup Time, A before CAB f 
SU or B before CAB 7 


ТА = 25°С, Vec = 5.0V 





Conditions! 
| yp 
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= 
N 









C2 
eo 
4 
сл 





ns 


w 
сл 


Сә | C2 
сл 

2 
о 


— | — | > | => | = | = — 
olojoljo|tm|mv 
о || 
Сл alata 


o 


C, =50 pF 
C, =50 pF 


№ 
° 


= 1 kQ 
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ШЕ ЕЕ 
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(7) UNIG UM74HCT646 


Pin Description 


А1 ~ A8 Bi-directional data bus and register input : 
Bi-directional data bus and register input 
Output enable. This pin is an active low pin, when high all outputs are disabled and A and B 
ports are isolated. 
Direction control. This pin is used to determine the direction of data flow. 
When ОІН-1 = FromA^ B 
ОА =0 => Котв >» А 
Determines whether data transmitted is from the data inputs or the register associated with those 
pins. 
When SAB (SBA)=1 = Register > B (A) Bus. 
ЗАВ (SBA)=1 = А (В) > В (А) 
Positive trigger clock. When rising edge is triggered, data from А (В) input are loaded into their 
associated register. 
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The transceiver function can work only when G is active дата. The direction control determines which bus will 
low (G=0). DIR determines the direction of data flow. іп receive data when enable G is active (low). In the isolation 
the transceiver mode, data present at the high-impedance mode (control G high). Data may be stored in one register 
port may be stored in either register or in both. and/or B data may be stored in the other register. 

Enable (G) and direction (DIR) pins are provided to control When an output function is disabled, the input function 
the transceiver functions. In the transceiver mode, data is still enabled and may be used to store and transmit 
present at the high-impedance port may be stored in either data. Only one of the two buses, A or B, may be driven 
register or in both, The select controls (SAB and SBA) ata time. , 


can multiplex stored and real-time (transparent mode) 


Function Table 


G DIR CAB CBA SAB SBA| A1 Thru A8 B1 Thru B8 


X 1 Х X X Input Not specified 

X X X 1 Х X | Not specified Input 

Mo ! ! Š ^ Input Input 
Ногі HorL X X 


The data output functions may be enabled or disabled by various signals at the G and DIR inputs, Data input functions are always enabled, 
i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs. 

















Operation or Function 









х 


| Store A, B unspecified 
Store B, A unspecified 











Store A and B Data 
Isolation, hold storage 













‘Real-time В Data to A Bus. 
Stored B Data to A Bus 









IReal-time A Data to B Виз". 
Stored А Data to В Bus 






+ 
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Bus Management Functions 


(21) (3) (1) (23 (2) 122) 
G DIR CAB CBA SAB SBA 
L L X но: X L 


REAL-TIME TRANSFER 
BUS B TO BUS A 


(21) (3 (1) (23) (2) (22) 
6 DIR САВ СВА SAB 5ВА 
X X 1 х X X 
X X X t X X 
H X t t X X 


STORAGE FROM 
A, B, OR A AND B 


Parameter Measurements 


TEST 
. POINT 







FROM OUTPUT 
UNDER TEST. 


LOAD CIRCUIT 


Figure 1. 3-state Outputs 


(21) (3) (1) (23) (2) (22 
G DIR CAB CBA SAB SBA 
L H HorL X L X 


REAL-TIME TRANSFER - 
BUSA TO BUS B 


(21) (3) (1) 123) (2) (22) _ 
С DIR САВ СВА 5АВ SBA 
L L X x X H 
L H X x H X 


TRANSFER 
STORED DATA 
ТО А OR B 





E 


E ии 
тн |, КО 150 pF 
CLOSED | OPEN 


tdis 1KQ |50pF — 











ЗЛЕ UM74HCT646 


FROM OUTPUT M 
| ірі Standard outputs 50 pF 
or 

Ч High-current outputs 50 pF 


Figure 2. Totem-Pole Outputs 











| 





LOAD CIRCUI 


2.0V 









HIGH-LEVEL 
PULSE 


© 
~ 
T 
° 
5 
ШЕ 
S 
2 
9 
с. 








LOW-LEVEL 
PULSE нэм 
VOLTAGE WAVEFORMS 
Figure 3. Pulse Durations 
20V 
INPUT 0.8v 
5% DIU Мон 
IN-PHASE 10% 
VoL 
OUTPUT Ч 
SHE PLA 
OUT-OF-PHASE VOH 
OUTPUT 90% Ñ osv зву Д 90% 
10% 10% 


- wes = ээ VOL 
Ч tt 


Figure 4. Propagation Delay Times and Output Transition Times 





REFERENCE 

INPUT ом 
са Sass “ Усс 

ОАТА OV 

INPUT - 


VOLTAGE WAVEFORMS 


Figure 5. Setup and Hold Times and Input Rise and Fall Time 
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OUTPUT CONTROL 3.8V 
(LOW-LEVEL ENABLING) vag 2.0V 
ЭПИТЕТТЕР ЕТТЕН ОУ 
tpi z Т 
OUTPUT CC 
WAVEFORM 1 0.5V 
эв ws чи - = = = = қа == ча = V 
OL 
аа V 
PZH 55727 он 
OUTPUT REY 
t 0У 
МАМЕЕОВМ 2 РН2 


Figure 6. Епа е and Disable Times for 3-state Outputs 


Ordering Information 










ЖЕНГЕ БЕНЕН” БЕНЕН 
UM74HCT646 24L DIP 
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LiMIC UM82C088 
PC/XT Integration Chip 
Features 
в Fully IBM-PC/XT compatible ; | and system configuration switch (same ав the РС/ХТ) 
в 82C84 Clock generator with 2 clock-inputs to generate ` м 74322 Keyboard interface, supports PC/XT type key- 
the CPU clock. These are 14.318 MHz and 30 MHz board 


74280 Parity check and generator 

74670 4 bit page register for DMA 

Wait state logic 

NMI control logic 

ROM decoder for one 2764 and one 27256 
RAM decoder for 4164 or 41256 DRAM 

H/W and S/W CPU speed change and indicator 


which will support 4.77 MHz апа10 MHz CPU clocks 
with 1/3 duty cycle. 

и 82C88 Bus Controller 

m 82С37 4 channel ОМА controller, channel О is used 
for DRAM refresh 

m 82С59 8 channel interrupt controller, level O is used 
for system time base, and level 1 for keyboard input ВИЕ - 

а 82C53 3 channel timer, channel 0 is used for system Built-in delay line for RAS, CAS 
time base, channel 1 for DRAM refresh, and channel Low power consumption: less than 300 mW at 10 
2 for speaker audio MHz CPU speed 


в 82С55 Peripheral 1/О, used for keyboard interface small PCB size: 100 pin plastic Flat package 


General Description 


Тһе UM82C088 is ап ІС specifically designed to function in 1.54 CMOS technology and is packaged in a 100 pin 
as the peripheral controller for 8088 microprocessors in plastic flat package, 
an IBM PC/XT compatible computer. It is implemented 


Block Diagram | System Configuration 


PARH Y/NMI DMA-82C37 
74280 РАСЕ-670 : 
ІРС-82С59 8088 CPU 8087 СРЏ PC-SLOT | ROM | 
RAM 
82C53 ADDRESS 
UM82C088 DATA ла 


РР1-82С55 BUFFER 





MEMOR Y 


DEC KEYBOARD SPK NOSC HOSC 
INTERFACE 


KEYBOARD 
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Pin Configuration 


Усс 
ХА11 
ХА10 

XA9 

ХАВ 

ХА7 

XA6 

ХА5 

ХА4 

ХАЗ 


(DISK 2) 
(DISK 1) 
(DISPLAY 2) 
(DISPLAY 1) 
(M2) 


(M1) 
(SW87) 
(IPL) 


XA2 
XA1 























1 


— 


2 
3 
4 
5 
6 
7 
8 


00 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 8281 


30 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 
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GND 
XA12 
ХА13 
ХА14 
XA15 (SPEED) 
XA16 


XA17 
XA18 


XA19 











УМЕ 





имвгсов 


МО5С Тһе clock. input ріп to which а 14.318 MHz clock is attached. Тһе 
frequency is 3 times the CLK frequency in 4.77 MHz mode. 
№ И 


СЕК 





Ріп Description 










JI 


The 2nd clock input pin to which a high speed clock is attached (max 
frequency = 30 MHz). The oscillator frequency is З times the CLK 
frequency during high speed mode. 










~ 
+ 


The clock output signal used by the 8088 CPU. The frequency of this line 
is 1/3 duty cycle of NOSC or HOSC, depending on which speed mode ` 
is selected. 












Power-Good is an active high input signal which is used to generate the 
RST output. An RC connection can be used to establish a power up reset 
of proper duration. 
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Reset, ап active high output signal which is used to reset the CPU and 
system. Its timing characteristics are determined by pin PG. 






NO 
~ 


This command output line instructs an 1/О device to transmit its data on 
to the data bus. 11 is supported by the internal 82C88 during the CPU cycle 
or the internal 82C37 during the ОМА cycle. This signal {5 active low. 
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This command output line instructs ап 1/О device to read the data оп 
the data bus. It is supported by the internal 82C88 during the CPU cycle or 
the internal 82C37 during the DMA cycle. This signal is active low. 






C 










This command output line instructs the memory to drive its data onto 
the data bus. It is supported by the internal 82C88 during the CPU cycle or 
the internal 82C37 during the DMA cycle. This signal is active low. 














This command output line instructs the memory to record the data present 
on the data bus. It is supported by the internal 82C88 during the CPU cycle 
"ог the internal 82C37 during the DMA cycle. This signal is active low. 
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Address latch enable. This output signal serves to strobe the address from 
CPU into the address latch. This signal is active high. 
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АЕМ 


Address enable output. Used to control the system bus for the CPU ог 
DMA. When high, the DMA controller has control of the address bus, 
data bus and command lines. 






EE 
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Status input pin from the CPU. The internal 82088 decodes these inputs 
to generate command and control signals at the appropriate times. 






53 





Input pin that indicates that the internal 82C37 is not to gain control of 
the system bus while lock is active low. 









Non-maskable interrupt. An edge trigger (a transition from low to high) 
output to the 8088 CPU which causes a type 2 interrupt. (a transition 
from low to high). There are three different sources to generate NMI: 
one is input from lock, the others are internal parity check logic and INTN 
input. 


сл 
EHE 
2 
= 


2-21 














Oume Мэс | имвгсовв 


Pin Description (Continued) 


INT Interrupt output, this pin goes high whenever a valid interrupt request is 
| asserted. |t is used to interrupt the CPU апа is generated from internal 
82C59. 








46 INTN ` 





Ready output. This output acknowledges the internal wait logic or IORDY 
input pin, which will complete the data transfer. This signal is active high. 


Output signal used to enable the external memory buffer, which is selected 
by internal memory decoder logic (ROMO-ROM1 а CAS0-CAS2). This 
line is active low. 


Output signal which controls the direction of pins XD0-XD7. A hiqh on 
this line indicates data from system to chip, and low on this line indicates 
data from chip to system. 


Memory column address, active high. 


Generated by internal memory десодег logic to strobe DRAM column 
address, address range from 00000H to 9FFFFH, total 3 banks for 256KB 
DRAM (max. 640KB). These signals are active high. 


73 ADDRSEL Address select used to select the DRAM row-address ог column-address. 
A high indicates the row address has been selected and a low indicates 
| the column address is enabled. 


79 МА8 Provides DRAM chips MA7, MA8 address lines. First cycle is row-address 
MA7 and second cycle is column address and refresh cycle address. 


Memory parity data. Inputs when МЕМН іе active, and outputs when 
МЕММ is active. Used for internal parity-check logic. 


Generated by internal memory decoder logic to enable the external EPROM 
chips. Address Ranges from F6000H to FFFFFH max, to select two 272565 
or one 2764 and one 27256. These lines are active low. 


Address/Data bus. These eight lines constitute the time in multiplexed 
memory/IO address & data buses, which are connected directly to the 
8088 CPU ADO-AD7 bus. 


Address bus. These are the four most significant address lines for memory/ 
IO operations and are connected directly to the 8088 CPU A16/S3- 
A19/S6 bus. 


Address bus. Comes from system buses ADO-AD7 which are internally 
latched by ALE during the CPU-Cycle, and are supported by the internal 
82C37 during the DMA-Cycle. 
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Pin Description (Continued) 






Description 









Address bus comes from system buses A16-A19 which are outputs only. 


Data bus outputs when the CPU write is active from the system bus ADO- 
AD7. Inputs when the CPU read is active or during the DMA cycle. 











Address pins A8 through A15 are Bi-directional and are supported by 
the external 8088 CPU A8-A15 bus during the CPU cycle, and by the 
internal 82C37 during the DMA cycle. | 
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These six input-only signals аге used to generate interrupt requests to 
the CPU from the internal 82С59. IRO2 is highest priority ап" IRO7 
the lowest. A rising-edge signal will generate an INT output to the CPU 
if the level of the 82С59 is not masked. 









These three lines are active-high input-only lines used by the peripherals 
to request DMA cycles, which are connected to the internal 82C37. 







These four signals are low-level active output-only signals issued by the 
interna! 82C37 to indicate that the corresponding DRQ has been honored 
and the 82C37 will take the bus and proceed with the requested DMA 
cycle. 











Terminal count. This signal is an output-only active high signal issued by 
the internal 82C37. It indicates that one of the DMA channels has reached 
its preprogrammed number of transfer cycles. 












This is a low-level input-only signal used to report error conditions оп 
the busattached interface circuits. This signal when set low, will generate 
а NMI output. 











Keyboard clock, When pulled low by internal logic, wil! reset the external 
keyboard. Otherwise the clock generated by the external keyboard is 
used as data. | 










Keyboard data. When pulled low from internal logic KBD will reset the 
external keyboard, or a serial data transmitting line from the keyboard to 
the internal logic, which is SYNC'd with the keyboard clock. 









Generated from the internal 82С53. Can generate а programmable 
frequency output to drive an external AMP for a speaker. 







Speed indicator. A high on this line indicates the CPU is working in high 
speed mode, a low on this line indicates the CPU is working in 4.77 MHz 
mode. 
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Pin Description (Continued) 


Description 


Power supply. 


Ground 





This pin is provided for TEST only. 


Set Up Descriptions 
The following set up signals are multiplexed inputs with XA bus, but only available during RST active. 


(a) Set up Pin Description 


· Description 


I/O 82С55 port С-ВІТ 0, during port В-ВІТ 3 = 0. 


SW87 I/O 82С55 port С-ВІТ 1, used to decide 8087 existence during port B-BIT3 
- 0. 
1 М1 Мо Memory size setting 
100 Port OEOH, Bit 4,5. 
82С55 port C-Bit 0, 1. Used to decide display card type during port B- 
Bit 3^ 1. 


|  Desrpton — | 


| Description | | Description | ON| OFF | 


Type 


fa —— 
К = 256к 8-ОН 4 Disk 


8087 
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Functional Description 


Clock Generator 
The clock generator is the functional equivalent of an 
'82C84 generator. It also generates the clock for the timer. 


Features: 


m Generates system clock for the 8088. 
Frequency sources are TTL signals 
TTL outputs for peripheral devices. 
Power-up reset for the processor. 
READY synchronization. 


Bus Controller 


The bus controller is the functional equivalent of an 8288 
for CPU bus operations, and generates the bus controls 
for CPU operations. 


Mode Controller 


The system clock can be switched via either software or 
hardware: 


Software user can write port ФСФН to select the system 
clock. A write command to this port will toggle CPU 
speed . 


Hardware user can utilize a button key or a jumper to 
ХА15 (HL) signal to select the appropriate mode during 
power оп reset. 


Each switching manner is independent of Ше other. 
Hardware setting is recognized only when RST is active, 
after then the system clock can be switched only by soft- 
ware. 


Wait State Generator 


When system clock is running at 4.77 MHz, the wait state 
generator generates one wait state on all CPU I/O and 
DMA operations. When system clock is 10 MHz, the wait 
state generator inserts 4 wait states on all CPU I/O opera- 
tions and 1 wait state on al! ОМА operations. М also 
synchronizes the external ready (/О CHRDY) that may 
' be used to generate wait states for slower 1/О devices. 


No wait state is inserted for on-board memory access. 
When the system clock is running at the turbo rate (10 
MHz) two wait states will be inserted for memory access 
on the expansion slots. | 


Inserted wait state: 


Low _ High 
Onboard Memory 0 0 
Onboard 1/0 1 4 
Slot Memory 0 2 
Slot 1/0 1 4 
ОМА 1 1 


ОМА 


The ОМА (Direct Memory Access) is the functional 
equivalent of ап 82C37 DMA controller. This function 


. improves the microprocessor's system by allowing external 


devices to directly transfer information from the system 
memory. Channel O is reserved for the refresh of RAM 
memory. 


Features: 


= Address increment or decrement. 

в Four independent ОМА channels. 

в Software ОМА request. Enable/disable contro! of 
individual DMA requests. Independent autoinitializa- 
tion of all channels. 


interrupt Controller 
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Тһе programmable interrupt controller in the (/М82С088 
functions as a system-wide interrupt manager in a Turbo 
XT system, which is compatible to an Intel 82C59 





interrupt controller. This function controls when and 
which !/O device is being serviced by the microprocessor 
‚їп an efficient manner. 


Features: 


Eight level priority controller. 

= Programmable base vector address. 

= Programmable interrupts modes (algorithms). 
= Compatible with the 8088. 


Timer 


The timer is the functional equivalent of an 82C53 timer. 

Channel О is tied то interrupt 0, channel 1 is used to 
generate refresh, and channel 2 is used for the speaker 

port. 


Features: 


= Three independent 16-bit counters. 
= Count binary or BCD. 


РЇО 

The РО is used for system configuration, to control 
the keyboard and speaker ports, and to enable error checks. 
Keyboard Port 

The keyboard port connects to an IBM compatible key- 
board. 


Parity Generator 


The parity generator checks and generates even parity 
for RAM memory. 
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* Remarks: 





(1) Port OCOH: Write only. 
A write command to this port will toggle CPU 
speed. 
(2) Port OEOH: Status Read only. 
Bit4 Bits Bit6 Ві? 
M1 M2 X Speed mode 


Low 
High 


Memory Size. 
11: 256КВ 
01: 512КВ 1 
—0: 640KB 


Programming 


The UM82C088 accepts 1/О read/write commands from 
the CPU. 


МО Address Мар 


DMA Contoller (82C37) 
interrupt Controller (82С59) - 
System Timer (82C53) 
Parallel port (82C55) 

DMA Page Register (74670) 
NMI Mask Register 

Change Speed 

Status 


000H-01FH 
020H-03FH 
' 040H-05FH 


060H-07FH 
' 080H-09FH 
ОАОН-ОВЕН 
OCOH-0C3H 
“ОЕОН-ОЕЗН 


DC Electrical Characteristics 


иж Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Output High Voltage 

















0М82С088 


The timer is programmed the same as the 82С53 timer, 
the DMA controller is programmed the same as the 82C37 
DMA controller, апа the interrupt controller is pro- 
grammed the same as the 82C59 interrupt controller. 


РЇО 


Тһе РІО is the equivalent of the 82С55 PIO, but it is con- 
figured in a fixed way for system configuration, control- 
ing the speaker port, and the keyboard port. 


Keyboard Data Register 


The keyboard data register is a read only register that 
is used to read data from the keyboard. When a character 
is in the register, interrupt 1 will be sent to the interrupt 
controller. The register may be cleared by setting bit 
7 of the PIO register. 


(Voc = 4.75 to 5.25V, TA = О їо 70°С) 


Іон = 8.0 mA (Mpp only) 
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. UM82C088 





“АС Characteristics (Усс = 4.75 to 5.250, T4 = 0 to 70°C, C, = 20pF) 


Normal Speed High Speed 
Symbol Parameter 


% 
x 


High speed mode change to low speed 110 
10 
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e 


513 
72) 


со 
NO 
со - 
Со № 
+ 
[22] о 22) 


70 
25 
25 
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25 
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mode CLK high time 


Low speed mode change to high speed mode 
CLK high time 


- 
T11 ALE active delay time (from status) 


T14 Command inactive delay time (from CLK) 
ЩЕ 36 


T8 
T9 
T10 
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- | => | 
сл | с 
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ns 


wn с 
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T16 Address (ADO—AD7, XA8—XA15, A16—A19) 40 д 
valid to МОЕ active/inactive delay У 
Command active/inactive to RAS active/ 6 6 к 
inactive, МЕМ READ cycle > 
Command active to RAS active, 

V _ MEM WRITE cycle s 29 Ва | 
Command inactive to RAS inactive, 
MEM WRITE cycle 2 ы 25 i 
Command active to ADDRSEL active delay, | 

н МЕМ ВЕАО сусје 20 19 ЈУ Sp ды 
Command active to ADDRSEL active delay, 
MEM WRITE cycle ра A 2% id i 
Command inactive to ADDRSEL inactive delay, 

ДЕҢ МЕМ ВЕАО сусје RR ps B is is 
Command inactive to ADDRSEL inactive delay, | 
MEM WRITE cycle m 135 2 91 сар 
Command active to CAS active delay, 

= MEM READ cycle 106 145 52 71 ns 
Command active to CAS active delay, 
MEM WRITE cycle ШЫ | Zip и 199 
Command inactive to CAS inactive delay, Ee 
MEM READ cycle 

Т21 


Command inactive to CAS inactive delay, 
MEM WRITE cycle 





26 ns 
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со со 

Ж 
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Normal ` Speed 
Symbol Parameter 


5 


Command inactive (о ADO—AD7 output 
floating 


Command active to ADO—AD7 active 


Command active to data valid for on 
board IOR 


AEN inactive delay time (from DCLK high) 110 


ХА15--ХАО active delay time (from DCLK 

high) | 

ХА15—ХАО inactive delay time (from DCLK 110 
low) | 
ХА19--ХА16 active delay time (from 

DACKX active) 


ХА19--ХА16 inactive delay time 
(from DCLK low) 
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High ` Speed 
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T39 1 140 
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41 
42 
43 
144 


110 109 


ОМА read command active delay time 
DMA read command inactive delay time | 
5 4 
DMA write command active delay time 
150 150 
DMA write command inactive delay time 
ОМА cycle DDIR delay time (from AEN) — | | 40 | | 40 | nm 
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Timing Waveforms 

















T4 
T2 
NOSC/HOSC — 11 dem та -73- = | 
| и | 
ИШ | | | | | 
CLK 
Т5 mje Т6 Улаан Tg ыы e- T5 = т6 -| 
T7 ———- 
High Speed Change to Low Speed 
NOSC 
HOSC 
CLK | | 




















RDY TIMING 
T4 T! T2 T3 T4 
T12 
CLK 
ALE 
TYT = | P: T15 
50,51,52 
VEN ШЕ | 
MEMW 
TOR 
iow | T13|— 114 
CPU Timing 


, 2-38 











Соме 0М82С088 
о 826088 


Timing Waveforms (Continued) 


| T] | т2 | ТЗ, TW | T4 | 
2125555 | 115 
50,51,52 be 
T11 


ALE : 
T31 
—T3 
A16-A19 


ом» П Ж “Х27777722277777777777777 
LLL, S 777, 





o 
& 
MOE T16 8 
(НАМ АССЕ55) г? Е 
5 
n 
ada 5 
МА7, МАВ me ROW ADDRESS COLUMN ADDRESS 
МЕМЯ ЛОВ Tis | T14 | ze 
MEMW, 1ОУУ 
«< - = 
| 
ВАМ МЕМ 
READ & WRITE RAS 
CYCLE 119 іш 


ADDRSEL 


"yu |“ 
СА50-СА52 
Т22 
MOE Ja 
ROM МЕМ | (вом READ) 
READ 


CYCLE ROMO, ROMI ГЕ 723 


BER = Pi | = 


MEM READ & 


ШЕШ ===" 77777777772) ве NZZ 
e 727 
А00-А07 OUTPUT CX DATA VALID 
- T28 
ON BOARD I/O READ | ADO-AD7 OUTPUT — DATA VALID = 


| 135 









АО0-АО7 INPUT 





DATA VALIO 
MEM WRITE & 


T29 3 
МО WRITE | 9 
Хро ~ хо? OUTPUT | 
МРО DATA, MPD VALID 


Read, Write Timing 


2—39 








Соме  UM82CO88 


Timing Waveforms (Continued) 





DCLK SO S1 52 53 SW 54 51 


DRQOX 
|= 738 — | - 138 
DACKX 


KAIEXAO T | 1 ________- | 


XA19-XA16 ` В 





T49 
" је | le 


ТС 


ОМА Cycle Timing 


Ordering Information 






w 
UM82C088F 100ріп Ғ.Р. 





2-40 



































( 





t 4 


UM82C284-10/-12 


Clock Generator and 
Ready Interface 








. Features 


‚ Generates system clock for 80286 processors 


m Uses crystal or TTL signal for frequency source Ш Generates system reset output from Schmitt Trigger 
." Provides local READY and Multibus* READY input 
synchronization 


m Single +5V power supply 


ш 10 MHz and 12.5 MHz versions 


General Description 


(7М82С284-10/-12. is a clock generator/driver which pro- · CPU from either asynchronous or synchronous sources and 
vides clock signals for 80286 processors and support com- synchronous RESET from an asynchronous input with 
ponents. It also contains logic to supply READY to the hysteresis. 11 is fabricated using the Si-Gate CMOS process. 

Pin Configuration Block Diagram 


RESET 


If RESET 


SYNCHRONIZER 


CLK 


c 
s 
65 
N 
‚© 
Ñ 
‚ © 
и 
= 
© 
т 
= 
N 





PCLK 
ж 


Multibus is ап Intel Trademark 





2—41 


© 
ы. 
% 
© 
5 
< 
ç 
= 
Ü 
б. 











Соме | UM82C284-10/-12 
М. UM82C284-10/-12 


Absolute Maximum Ratings* *Comments 
Temperature Under Bias .............. 0°C to 70°С Stresses above those listed under “Absolute Maximum 
Storage Temperature............. —65 С to +150°С Ratings” may cause permanent damage to the device. 
All Output and Supply Voltages ....... —0.5V to +7V These are stress ratings only. Functional operation of 
АН Input Voltages ............... -10М10 +ББМ this device at these or апу other conditions above those 
още indicated in the operational sections of this specification 
Power О158їрайоп ....................... 1 Watt | Е . | : 
| is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
Pin Description liability. 









Description 






System Clock is the signal used by the processor and support devices which must be synchro- 
nous with the processor. The frequency of the CLK output is twice the desired internal pro- 
cessor clock frequency. CLK can drive both TTL and MOS level inputs. . 

















Frequency/Crystal Select is a strapping option to select the source for the CLK output. When 
F/C is strapped LOW, the internal crystal oscillator drives CLK. When Е/С is strapped HIGH, 
the EFI input drives the CLK output. 














Crystal In are the pins to which a parallel resonant fundamental mode crystal is attached for 
the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output 
at the crystal frequency. The crystal frequency must be twice the desired internal processor 
clock frequency. i 
















Peripheral Clock is an output which provides a 50% duty cycle clock with 1/2 the frequency 
of CLK. PLCK will be in phase with the internal processor clock following the first bus cycle 
after the processor has been reset. 


Asynchronous Ready Enable is an active LOW input which qualifies the ARDY input. ARDYEN 
selects ARDY as the source of ready for the current bus cycle. Inputs to ARDYEN may be 
applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed response 
to synchronous inputs. 




















Asynchronous Ready is an active LOW input used to terminate the current bus cycle. The 
ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to 
CLK. Setup and hold times are given to assure a guaranteed response to synchronous inputs. 


Synchronous Ready Enable is an active LOW input which qualifies SRDY. SROYEN selects 
SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times 
must be satisfied for proper operation. ыл” 











SRDYEN М 
Ш М 


Е Е 
B u 


Мр System Power: +БМ power supply. 












Synchronous Ready is an active LOW input used to terminate the current bus cycle. The SRD Y 
input is qualified by the SRDYEN input. Setup and hold times must be satisfied for proper 
operation. 









Ready is an active LOW output which signals that the current bus cycle is to be completed. The 
ISRDY, SRDYEN, ARDY, ARDYEN, 51, 50 and RES inputs which control READY аге 
explained later in the READY generator section. READY is an open collector output requiring 


an external 300 ohm pullup resistor. 


. Status inputs prepare the UM82C284-10/-12 for a subsequent bus cycle. 50 and 51 synchronize 
PCLK to the internal processor clock and contro! READY. These inputs have pullup resistors to 
keep them HIGH if nothing is driving them. Setup and hold times must be satisfied for proper 
Operation. 

























Reset is an active HIGH output which is derived from the RES input. RESET is used to force 
the system into an initial state. When RESET is active, READY will be active ( LOW). 


Reset In is an active LOW input which generates the system reset signal, RESET. Signals to 
RES may be applied asynchronously to CLK. А Schmitt trigger input is provided on RES, 
so that an RC circuit can be used to provide a time delay. Setup and hold times are given to 
assure a guaranteed response to synchronous inputs. 















Vss System Ground: О volts, 
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Functional Description 





Introduction 


Тһе UM82C284-10/-12 generates the clock, ready, and 
reset signals required for 80286 processors and support 
components. The UM82C284-10/-12 is packaged in ап 18- 
pin DIP and contains a crystal controlled oscillator, MOS 
clock generator, peripheral clock generator, Multibus ready 
synchronization logic and system reset generation logic. 


Clock Generator 


The CLK output provides the basic timing control for an 
80286 system. СІК has output characteristics sufficient 
to drive MOS devices. CLK is generated by either an 
internal crystal oscillator or an external source as selected 
by the F/C strapping option. When F/C is LOW, the crystal 
oscillator drives the CLK output. When F/C is HIGH, 
the EFI input drives the CLK output. 


The UM82C284-10/-12 provides a second clock output 
(PCLK) for peripheral devices. PCLK is CLK divided by 
two. PCLK has a duty cycle of 5096 and TTL-output drive 
characteristics. РСІК is normally synchronized to the 
internal processor clock. 


After reset, the PCLK signal may be out of phase with 


the internal processor clock. Тһе S1 and SO signals of 
the first bus cycle are used to synchronize PCLK to the 
internal processor clock. The phase of the PCLK output 
changes by extending its HIGH time beyond one system 
clock (see waveforms). PCLK is forced HIGH whenever 
either SO or S1 were active (LOW) for the two previous 
CLK cycles. PCLK continues to oscillate when both 
50 and 51 are HIGH. 


Since the phase of the internal processor clock will not 
change, except during reset, the phase of PCLK will not 
change, except during the first bus cycle after reset. 


Oscillator 


The oscillator circuit of the UM82C284-10/-12 is a linear 
Pierce Oscillator which requires an external parallel res- 
onant, fundamental mode & crystal. The output of the 
oscillator is internally buffered. The crystal frequency 
chosen should be twice the required internal processor 
clock frequency. The crystal should have a typical load 
capacitance of 32 pF. | | 


X1 and X2 аге the oscillator crystal connections. For 
stable operation of the oscillator, two loading capacitors 
are recommended, as shown in Figure |. The sum of the 
board capacitance and loading capacitance should equal 
the values shown. |t is advisable to limit stray board 
capacitances (not including the effect of the loading capaci- 
tors or crystal capacitance) to less than 10 pF between 
the X1 and X2 pins. Decouple Урр апа Усс as close 
to the UM82C284/-10/-12 as possible. 
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80286 
СРЏ ог 
SUPPORT 
COMPONENT 


SEE TABLE 
2 FOR DECOUPLING 


CAPACITOR 
VALUES CAPACITOR 


. Figure 1. Recommended Crystal and READY 
Connections 


Reset Operation 


The reset logic provides the RESET output to force the 
system into a known, initial state. When the RES input is 
active (LOW), the RESET output becomes active (HIGH). 
RES is synchronized internally at the falling edge of CLK 
before generating the RESET output (see waveforms). 
Synchronization of the RES input introduces a one or 
two CLK delay before affecting the RESET output. 


At power up, a system does not have a stable Vpp and 
CLK. To prevent spurious activity, RES should be 
asserted until Vcc and CLK stabilize at their operating 
values, 80286 processors and support components also 
require their RESET Inputs to be HIGH a minimum of 16 
CLK cycles. Ап RC network, as shown in Figure 2, will 
keep RES LOW long enough to satisfy both needs. 


..0М82С284-10/-12 | 


RES 





. Figure 2. Typical RC RES Timing Circuit 


A Schmitt Trigger input with hysteresis on RES assures 
a single transition of RESET with an RC circuit on RES. 
The hysteresis separates the input voltage level at which 
the circuit output switches from HIGH to LOW from 
the input voltage level at which the circuit output switches 
from LOW to HIGH. The RES HIGH to LOW input 
transition voltage is lower than the ВЕС LOW to HIGH 
input transition voltage. As long as the slope of the RES 
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input voltage remains in the same direction (increasing 
or decreasing) around the RES input transition voltage, 
the RESET output will make a single transition. 


Ready Operation 


The UM82C284-10/-12 accepts two ready sources for the 
system ready signal which terminates the current bus 
cycle. Either a synchronous (SRDY) or asynchronous ready 
(ARDY) source may be used. Each ready input has an en- 
able (SRDYEN and ARDYEN) for selecting the type of 
ready source required to terminate the current bus cycle. 
An address decoder would normally select one of the 
enable inputs. 





READY is enabled (LOW), if either SRDY + SRDYEN 
= “0” or ARDY + ARDYEN = "0" when sampled by the 
UM82C284-10/-12 READY generation logic. READY 
will remain active for at least two CLK cycles. 





The READY output has an open-collector driver allowing 
other ready circuits to be wire-ORed with it, as shown 
in Figure 1. The READY signal of an 80286 system 
requires an external 910 ohm + 596 pull-up resistor. То 


Table 2. UM82C284-10/-12 Crystal Loading Capacitance Values 


Crystal Frequency 


1 to 8 MHz 
8 to 25 MHz 








Note: Capacitance values must include stray board capacitance. 


Ts 
e 
O 


= —— 
"ШИ Ж V 






C1 Capacitance 
(pin 7) 


60 pF 40 pF 
25 pF 15 pF 


Tc 
Ф 


AH 
— 
a, 





force the READY signal inactive (HIGH) at the start of 
a bus cycle, the READY output floats when either 51 
or SO are sampled LOW at the falling edge of CLK. Two 
system clock periods are allowed for the pull-up resistor 
to pull the READY signal їо Vi, When RESET is active, 
READY is forced active one CLK later (see waveforms). 


Figure 3 illustrates the operation of SRDY and SRDYEN. 
These inputs are sampled on the falling edge of CLK 
when 5Т апа 50 are inactive and PCLK is HIGH. READY 
is forced active when both SRDY and SRDYEN аге 
sampled as LOW. 





Figure 4 shows the operation of ARDY and ARDYEN. 
These inputs are sampled by an internal synchronizer 
at each falling edge of CLK. Тһе output of the syn- 
chronizer is then sampled when PCLK is HIGH. If the 
synchronizer finds both the ARDY and ARDYEN have 
been resolved as active, the SRDY and SRDYEN inputs 
are ignored. Either ARDY or ARDYEN must be HIGH 
at the end of UE (see figure 4). 


READY remains active until either S1 or SO are sampled 
LOW, or the ready inputs are sampled as inactive. 


C2 Capacitance 
(pin 8) 









Kf MTT ММ 


Figure 3. Synchronous Ready Operation 
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51-50 


Уін 
SRDYEN 


АО “ШИШ tL не: ШШ 


ARDYEN 


. Figure 4. Asynchronous Ready Operation 


DC Electrical Characteristics 


(ТА = ОС to 70°С, Мор = 5V, 310%) 


RES and EFI Input HIGH Voltage 
RES Input Hysteresis 
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“АС Characteristics 
(TA = O"C to 70°C, Мрр = БУ, 310%) 


AC timings are referenced to 0.8У and 2.0V points of signals as illustrated іп data sheet waveforms, unless otherwise noted. 


at 1.5V Note 1 
at 0.8V Note 1 


at 2.0V Note 1 


at O.6V Note 1, Note 2 


at 3.8V Note 1, Note 2 
1.0V to 3.5V Note 1 
3.5 V to 1.0V Note 1 














Parameter 


EFI to CLK Delay 
EFI LOW Time 22.5 


Status Setup Time for Status Going 
Active 

Status Setup Time for Status Going 
Inactive 


RES Setup Time 20 
ES Hold Time 

READY Active Delay 
READY Active Delay 


2b 
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s [REY nae bey 1 = ЕИ 
PCLK LOW Time 14-20 "- 14-20 Note 5, Note 6 
PCLK HIGH Time 420 | |1420 Note 5, Note 6 
Note 1: CLK Loading: С, = 100pF. : Note 4: READY loading: lg, = = 7 mA, C, = 150pF. іп system 
Note 2: With the internal crystal oscillator using recommended application, use 910 ohm X596 pullup resistor to meet 
crystal and capacitive loading, or with the EFI input 80286, 80286-6 and 80286-4 timing requirements. 
meeting specifications t2, and t3. Use a parallel-resonant, Note 5: PCLK and RESET loading: C, 7 75pF. 
fundamental mode crystal. The recommended crystal Note 6: t4 refers to any allowable CLK period. 
loading for CLK frequencies of 8-25 MHz are 25pF from 
pin Хү to ground, and 15pF from pin Х to ground. These READY loading: 


recommended values are +5pF and include all stray 
capacitance. Decouple Vpp and Ves as close to the 















UM82C284-10/-12 as possible. Resistor 700 42 600 $2 
Note 3: This is an asynchronous input. This specification is given Ct 150pF 150 pF 
for testing purposes only, to assure recognition at specific loL 


7 mA 9 mA 






CLK edge. 
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Timing Waveforms | 
CLK as a FUNCTION of EFI 





Note: Тһе EFI input LOW and HIGH times as shown are required to guarantee the CLK LOW and HIGH times shown. 


RESET and READY TIMING as a FUNCTION of RES with 51 and SO HIGH 


75 
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Note 1: This is ап asynchr onous input. The setup and hold times shown аге required to guarantee the г response shown. 
Note 2: Tie 2100: ohm +5% pullup resistor to the READY output. 





e 
ШШЩ? то. 





el: This is ап asynchronous 2 The setup and hold times shown аге required to guarantee the response shown. 
Tie 700 ohm %5% pullup resistor to the READY output. 


цаг Information 


wa 
UM82C284-10 10 MHZ 
UM82C284-12 12.5 MHz 
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UM82C288-10/-12 


Bus Controller 





Features 


= Provides commands and control for local and system 
bus. 
m Offers wide flexibility in system configurations. 


General Description 


The UM82C288 Bus Controller is a 20-pin Si-Gate CMOS 
component for use in 80286 microsystems. The bus 
controller provides command and control outputs with 
flexible timing options. Separate command outputs are 
used for memory and 1/О devices. The data bus is con- 


* Ми низ is a patented bus of INTEL CORP. 


Pin Configuration 


Flexible command timing. 

Optional! Multibus* compatible timing. 
Single +5V supply. 

10 MHz and 12.5 MHz versions 


trolled with separate data enable and direction control 
signals. 


Two modes of operation are possible via a strapping option: 
Multibus* compatible bus cycles, and high speed bus cycles. 


Block Diagram 

































COMMAND 
STATUS OUTPUTS 
— SO | |МТА 
READY V ын STATUS кош 
265 di [| DECODER COMMAND IORC 
CLK 50 Де OUTPUT IOWC 
S1 c M/IO MRDC 
= 2 MWTC 
MCE 9 DT/R 
ALE S DEN 
: a MACHINE 
ме = CEN/AEN CONTROL CONTROL 
+ INPUTS OUTPUTS 
CMDLY x CENL г DT/R 
съл келен CONTROL CONTROL : 
MR INTA DEN 
DC || INPUT OUTPUT 
028 ALE 
MWTC ORG [| “оос ‚ LOGIC 
ДАНИЯ МСЕ 
V [OWC 
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Multibus is an Intel Trademark 
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Absolute Maximum Ratings* 
Ambient Temperature Under Bias ........ 0°C to 70°C 
Storage|Temperature............. —65^C to + 150°C 


Voltage on Any Pin with Respect 


AC Characteristics 





ин 


СІК Репод 
CLK HIGH Time 






2 
3 CLK LOW Time 1 


5 [curare 2 
Мо ее зеш Sup Tie |” 
[cw mure | 
DmeovsmeTme | 3 


CMDLY Setup Time 
CMDLY Hold Time 


(M 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


25 DEN Inactive from СЕМ 





- 
i» 


5 
2 
8 
5 


0 
1 
1 


-- 
o 


6 
READY Hold Time 25 
1 


AEN Setup Time 15 


Мә - 
© 


Bp 
- | W 


3 
5 
3 
5 


DEN (Write) Inactive Delay from СЕК 3 


сл 


Comments* 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. These 
are stress ratings only. Functional operation of this device 
at these or any other conditions above those indicated in 
the operational sections of this specification is not implied 
and exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


(TA = ОС to 70°С, Мрр = 5V, + 1096) 


AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in data sheet waveforms, unless otherwise noted. 
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DC Electrical Characteristics 
(TA = 0°C to 70°С, Мрр = 5V, 310%) 


| — T1OMHz _ | 
om e 
| 20. 


[input COW Vonage — [-05| e 
Wee 105. 













5 
сл 
< 





Со е 
CLK Input HIGH Voltage 38 |Vcc +0.5 
NE 


vo | Оралов [Commend ива | — | a — 
Voltage | Сото Output | — | 45 | | [у —— 

Vou | Output HIGH | Command Outputs | 24 | _ | 24 | | be cc -| 
с Control Outputs | 24 | | |241 | 2211-2022 

Input Leakage Current 4 + OV &VliN < 

< 

Power Supply Current NE 222 | mA | | 
Input /Output Capacitance | Kass qu 
Notes; 1. Command Outputs are INTA, IORC, IOWC, MRDC, MWRC, 


2. Control Outputs are DT/R, DEN, ALE and MCE. 









AC Characteristics (Continued) 


Parameter 


(when СЕМ = LOW) 
EN Active from AEN 
Active Delay from CLK 


CMD Inactive Delay from CLK 
Inactive from CEN 
CMD Active from CEN 
CMD Inactive Enable from AEN 
MD Float Delay from AEN 


Note: 1. AEN and MB are asynchronous inputs. This specification is for testing purposes only, to assure recognition at a specific CLK edge. 
2. Control output load: С! = 150 pF. 
3. Command output load: CI = 300 pF. 
4. Float condition occurs when output current is less then lj р іп magnitude. 
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Pin Description 


System Clock provides the basic timing control for the UM82C288-10/-12 and 80286 microsystem. 
Its frequency is twice the internal processor clock frequency. The falling edge of this input signal 
establishes when inputs are sampled and command and control outputs change. 








CLK 





Bus Cycle Status starts а bus cycle and, along with МЛО, defines the type of bus cycle. These inputs 
are active LOW. A bus cycle is started when either 51 or SO is sampled LOW at the falling edge of 
CLK. These inputs have pullups sufficient to hold them HIGH when nothing drives them. Setup 
and hold times must be met for proper operation. : 


80286 Bus Cycle Status Definition 
ЕЕ Туре of Bus Cycle 


M/IO 
Interrupt acknowledge MCE O/P 
МО Read 
1/О Write 
None; idle 
Halt or shutdown 
Memory read 
Memory write 
None; idle 







~ 









есен есені 


— O — O — O — O 


>>> O O ООО 





Memory ог 1/О Select determines whether the current bus cycle is in the memory space or 1/О space. 
When LOW, the current bus cycle is in the 1/0 space. Setup and hold times must be met for proper 
‘operation. 






Multibus Mode Select determines timing of the command and control outputs. When HIGH, the 
bus controller operates with Multibus-compatible timings. When LOW, the bus controller optimizes 
the command and control output timing for short bus cycles. The function of the CEN/AEN input 
pin is selected by this signal. This input is intended to be a strapping option and not dynamically 
changed. This input may be connected to Мрр or СМО. 






Command Enable Latched is a bus controller select signal which enables the bus controller to respond 
to the current bus cycle being initiated. CENL is an active HIGH input latched internally at the 
end of each Ts cycle. CENL is used to select the appropriate bus controller for each bus cycle in 
a system where the CPU has more than one bus it can use. This input may be connected to Vcc 
‘to select this UM82C288-10/-12 for all transfers. No control inputs affect the CENL. Setup and 
hold times must be met for proper operation. 






Command Delay allows delaying the start of a command. CMDLY is an active HIGH input. | 
sampled HIGH, the command output is not activiated and CMD L Y is again sampled at the next 
CLK cycle. When sampled LOW the selected command is enabled. |f READY is detected LOW before 
the command output is activated, the UM82C288-10/-12 will terminate the bus cycle, even if no 
command was issued. Setup and hold times must be satisfied for proper operation. This input may be 
connected to GND if no delays are required before starting a command. This input has no effect 
on 0М82С288-10/-12 control outputs. 






Ready indicates the end of the current bus cycle. READY is an active LOW input. Multibus mode 
requires at least one wait state to allow the command outputs to become active. READY must be 
LOW during reset, to force the UM82C288-10/-12 into the idle state. Setup and hold times must 
be met for proper operation. The 82C284 drives READY LOW during RESET. 


(Cont.) 
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Pin Description (Continued) 


Command Enable/Address Enable controls the command and DEN outputs of the bus controller. 
CEN/AEN inputs may be asynchronous to CLK. Setup and hold times are given to assure a 
guaranteed response to synchronous inputs. This input may be connected to Vcc or GND. 















. When MB is HIGH, this pin has the AEN function. AEN is an active LOW input which indicates 
that the CPU has been granted use of a shared bus and the bus controller command outputs may 
exit 3-state OFF and become inactive (HIGH). AEN HIGH indicates that the CPU does not have 
control of the shared bus and forces the command outputs into 3-state OFF and DEN inactive 
(LOW). AEN would normally be controlled by a bus arbiter which activates AEN when that 
arbiter owns the bus to which the bus controller is attached. 


CEN/AEN 









When MB is LOW this pin has the CEN function. CEN is an unlatched active HIGH input which 
allows the bus controller to activate its command and DEN outputs. With MB LOW, CEN LOW 
forces the command and DEN outputs inactive but does not tristate them. 










Address Latch Enable controls the address latches used to hold an address stable during a bus cycle. 
This control output is active HIGH. ALE' will not be issued for the halt bus cycle and is not affected 
by any of the control inputs. 


> 
г 
m 








Master Cascade Enable signals that a cascade address from a master 8259A interrupt controller may 
be placed onto the CPU address bus for latching by the address latches under ALE control. The 
CPU's address bus may then be used to broadcast the cascade address to slave interrupt controllers 
so only one of them will respond to the interrupt acknowledge cycle. This control output is active 
HIGH. МСЕ is only active during interrupt acknowledge cycles and is not affected by any control 
input. Using MCE to enable cascade address drivers requires latches which save the cascade address 
on the falling edge of ALE. 


DEN Data Enable controls when data transceivers connected to the local data bus should be enabled. 
DEN is an active HIGH control output. DEN is delayed for write cycles in the Multibus mode. 


Data Transmit/Receive establishes the direction of data flow to ог from the local data bus. When 
HIGH, this control output indicates that a write bus cycle is being performed. A LOW indicates a 
read bus cycle. DEN is always inactive when DT/R changes states. This output is HIGH when no 
bus cycle is active. DT/R is not affected by any of the control inputs. 


MCE 
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МО Write Command instructs an 1/О device to read the data on the data bus. This command output 
is active LOW. The MB and CMDLY inputs control when this output becomes active. READY 
controls when it becomes inactive. 












I/O Read Command instructs ап I/O device to place data onto the data bus. This command output 
is active LOW. The MB and CMDLY inputs control when this output becomes active. READY 
controls when it becomes inactive. 





о 
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© 






Memory Write Command instructs a memory device to read the data on the data bus. This command 
output is active LOW. The MB and CMDL Y inputs control when this output becomes active. READY 
controls when it becomes inactive. 








Memory Read Command instructs the memory device to place data onto the data bus. This com- 
mand output is active LOW. The MB and CMDLY inputs contro! when this output becomes active. 
READY controls when it becomes inactive. 






Interrupt Acknowledge tells an interrupting device that its interrupt request is being acknowledged. 
This command output is active LOW. The MB and CMDLY inputs control when this output becomes 
active. READY controls when it becomes inactive. 
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System Power. +5V power supply 


VDD 
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System Ground: 0 volts 
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Functional Description 


introduction 


| The UM82C288-10/-12 bus controller is used in 80286 
systems to provide address jatch control, data transceiver 
control, and standard level-type command outputs. Тһе 
command outputs are timed and have sufficient drive capa- 
bilities for large TTL buses and meet all ІЕЕЕ-796 require- 
ments for Multibus. A special Multibus mode is provided to 
statisfy all address/data setup and hold time requirements. 
Command timing may be tailored to special needs using a 
CMDLY input to determine the start of a command and 
READY to determine the end of a command. 


| Connections to multiple buses is supported with a latched 
enable input (CENL). Ап address decoder can determine 
which, if any, bus controller should be enabled for the 
bus cycle. This input is latched to allow an address decoder 
to take full advantage of the pipelined timing on the 
80286 local bus. 


Buses shared by several bus controllers are supported. : 


An AEN input prevents the bus controller from driving 


‚биз master and thereby drive the UM82C288-10/-12. 


the shared bus command and data signals, except when 
enabled by an external bus arbiter such as the 82289. 


Separate DEN and DT/R outputs control the data trans- 
ceivers for all buses. Bus contention is eliminated by 
disabling DEN before changing DT/R. The DEN timing 
allows sufficient time for tristate bus drivers to enter 
3-state OFF before enabling other drivers onto the same 
bus. 


The term CPU refers to any 80286 processor or 80286 
support component which may become an 80286 local 


status inputs. 
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Processor Cycle Definition 





Any CPU which drives the local bus uses an internal clock 
which is one-half the frequency of the system clock (CLK) 
(see Figure 3). Knowledge of the phase of the local bus 
master's internal clock is required for proper operation of 
the 80286 local bus. The local bus master informs the 
bus controller of its internal clock phase when it asserts 
the status signals. Status signals are always asserted be- 
ginning in Phase 1 of the local bus master's internal clock. 


"— — — ONE PROCESSOR CLOCK CYCLE—— V 


— ONE BUS Т-5ТАТЕ 


PHASE 1 
-«—— ОҒ PROCESSOR — | —— 
CLOCK CYCLE 


PCLK 
UM82C284-10/-12 
(FOR REFERENCE) 





————-—“—-e_— ss —a 


PHASE 2 
OF PROCESSOR --ч» 
CLOCK CYCLE 


Figure 1. CLK Relationship to the Processor Clock and Bus T-States. 
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Bus State Definition 


The UM82C288-10/-12 bus controller has three bus states 


(see Figure 2): Idle (Т,), Status (Те) and Command (Tc). _ 


Each bus state is two CLK cycles long. Bus state phases 
correspond to the internal CPU processor clock phases. 


The T, bus state occurs when no bus cycle is currently 
active on the 80286 local bus. This state may be repeated 
indefinitely. When control of the local bus is being passed 
between masters, the bus remains in the T, state. 


NEW CYCLE 


Figure 2. UM82C288-10/-12 Bus States. 


PHASE 2 


УУ 








Bus Cycle Definition 


The S1 and SO inputs signal the start of a bus cycle. When 
either input becomes LOW, a bus cycle is started. The Tc 
bus state is defined to be the two CLK cycles during which 
either S1 or SO is active (see Figure 3). These inputs are 
' sampled by the UM82C288-10/-12 at every falling edge of 
CLK. When either 51 ог 50 are sampled LOW, the next 
CLK сүсіе is considered the second phase of the internal 
CPU clock cycle. 


The local bus enters the Тс bus state after the Ts state. 
The shortest bus cycle may һауе one То state and one 


Te state. Longer bus cycles are formed by repeating 
Tc states. А repeated Тс bus state is called a wait 
state. 


The READY input determines whether the current Tc 
bus state is to be repeated. The READY input has the 
same timing and effect for all bus cycles. READY is 
sampled at the end of each Тс bus state to see if it is 
active. |f sampled HIGH, the Тс bus state is repeated. 
This is called inserting a wait state. The control and 
command outputs do not change during wait states. 


When READY is sampled LOW, the current bus cycle is 
terminated. Note that the bus controller may enter the 
Ts bus state directly from Тс if the status lines are sampled 
active at the next falling edge of CLK. 


2 


Figure 3. Bus Cycle Definition. 
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Table 1. Command and Control Outputs for Each Type of Bus Cycle 


Type of Bus Cycle 


Interrupt Acknowledge 


МО Read 
МО Write 


None; Idle 


Operating Modes 


Two types of buses are supported by the UM82C288-10/ 
-12: Multibus and non-Multibus. When the MB input is 
strapped HIGH, Multibus timing is used. In Multibus mode, 
the 0М82С288-10/-12 delays command and data activation 
to meet |ЕЕЕ-796 requirements on address to command 
active and write data to command active setup timing. 
Multibus mode requires at least one wait state in the bus 
cycle since the command outputs are delayed. The non- 
Multibus mode does not delay any outputs and does not 
require wait states. The MB input affects the timing of 
the command and DEN outputs. 


Command and Control Outputs 


The type of bus cycle performed by the local bus master 
is encoded in the M/IO, S1, and SO inputs. Different 
command and control outputs are activated, depending 
on the type of bus cycle. Table 1 indicates the cycle 
decode done by the UM82C288-10/-12 and the effect on 
command, DT/R; ALE, DEN, апа MCE outputs. 


Bus cycles come in three forms: read, write, and halt. 
Read bus cycles include memory read, 1/0 read, апа 
interrupt acknowledge. Тһе timing of the associated 
read command outputs (MRDC, IORC, and INTA), control 
outputs (ALE, DEN, DT/R) and control inputs (CEN/AEN, 
CENL, CMDLY, MB, and READY) are identical for all 
read bus cycles. Read cycles differ only in which command 
output is activated. The MCE control output is only 
asserted during interrupt acknowledge cycles. 








Command 
Activated 


ALE, DEN 
issued? 





Write bus cycles activate different contro! and com- 
mand outputs with different timing than read bus cycles. 
Memory write and 1/О write are write bus cycles whose 
timing for command outputs (MWTC and lOWC), control 
outputs (ALE, DEN, DT/R) and control inputs (CEN/AEN, 
CENL, CMDLY, MB, and READY) are identical. They 
differ only in which command output is activated. 





Halt bus cycles are different because no command or 
control output is activated. All control inputs are ignored 
until the next bus cycle is started via S1 and SO. 


- 


| пело BUS CYCLE 
т Т, | 


(V) 


READY 


МУ О 





Figure 4. Idle-Read-Idie Bus Cycles with MB = “0”. 
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“---------УНІТЕ BUS СҮСІЕ------- 


Те | МАТ STATE 
Тс 


AY 


NA 





Figure 5. Idle-Write-Idie Bus Cycles with MB = "0". 


Figures 4—8, show the basic command and control output 
timing for read and write bus cycles. Halt bus cycles are 
not shown since they activate no outputs. The basic idle- 
read-idle and idle-write-idle bus cycles are shown. The 
signal label CMD represents the appropriate command 
output for the bus cycle. For Figures 4—8, the CMDLY 
input is connected to Усс and CENL to Мг. The effects 
of CENL and CMDLY are described later in the section 
on control inputs. 


Figures 4 and 6 show non-Multibus cycles. MB is con- 
nected to Мас while CEN is connected to Vop- Figure 4 
shows a read cycle with no wait states, while Figure 5 
shows a write cycle with one wait state. The READY input 
is shown to illustrate how wait states are added. 


Bus cycles can occur back-to-back with no T, bus states 
between Тс and Ts. Back-to-back cycles do not affect 
the timing of the command and control outputs. Сот- 
mand and control outputs always reach. the states shown 
for the same clock edge (within Те, Тс, or following bus 
state) of a bus cycle. 


A special case in control timing occurs for back-to-back 
write cycles with MB = "0". In this case, DT/R and DEN 
remain HIGH between the bus cycles (see Figure 6). The 
. command and ALE output timing does not change. 





157 WRITE CYCLE 2ND WRITE CYCLE 


Те 


Va 


МАКА. LL 
22-20 


РЕМ 
ВЕМА1М5 
HIGH 


Figure 6. Write-Write Bus Cycles with MB = “0”. 


Figures 7 and 8 show a Multibus cycle with МВ = “1”. 
AEN and CMDLY are connected to М се. The effects 
of CMDLY and AEN are described later in the section 
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оп control inputs. Figure 7 shows а read cycle with one shown only for example purposes and is not required. 
wait state and Figure 8 shows a write cycle with two The READY input is shown to illustrate how wait states 
wait states. Тһе second wait state of the write cycle is are added. 





Figure 8. Idle-Write-idle Bus Cycles with МВ = “1”. 
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The MB control input affects the timing of the command 

and DEN outputs. These outputs are automatically delayed 

in Multibus mode to satisfy three requirements: 

1. 50 ns minimum setup time for valid address before 
any command output becomes active. 

2. 50 ns minimum setup time for valid write data before 
any write command output becomes active. 

3. 65 ns maximum time from when any read command 
becomes inactive until the slave's read data drivers 
reach 3-state OFF. 


Three signal transitions are delayed by МВ = 41” as com- 

pared to MB = "0". 

1. The HIGH to LOW transition of the read command 
outputs (IORC, MRDC, and INTA) are delayed one 
CLK cycle. | 

2. The HIGH to LOW transition of the write command 
outputs Пета and MWTC) are delayed two CLK 
cycles. 





3. The LOW to HIGH transition of DEN for write cycles . 


is delayed one CLK cycle. 


Back-to-back bus cycles with MB = "1" do not change the 
timing of any of the command or control outputs. DEN 
always becomes inactive between bus cycles with MB = 
“1 ха 


Except for a halt ог shutdown bus cycle, ALE will be 
issued during the second half of Ts for any bus cycle. 
ALE becomes inactive at the end of the Та to allow 
latching the address to keep it stable during the entire 
bus cycle. The address outputs may change during Phase 
2 of any Тс bus state. ALE is not affected by any control 
input. 


Figure 9 shows how MCE is timed during interrupt 
acknowledge (INTA) bus cycles. MCE is one CLK cycle 





Figure 9. MCE Operation for an INTA Bus Cycle. 


longer than ALE to hold the cascade address from a master 
8259A valid after the falling edge of ALE. With the excep- 
tion of the MCE control output, an INTA bus cycle is 
identical in timing to a read bus cycle. MCE is not affected 
by any control input. 


Control Inputs 


The control inputs can alter the basic timing of command 
outputs, allow interfacing to multiple buses, and share a 
bus between different masters. For many 80286 systems, 
each CPU will have more than one bus which may be used 
to perform a bus cycle. Normally, a CPU will only have 
one bus controller active for each bus cycle. Some buses 
may be shared by more than one CPU (i.e. Multibus), 
requiring only one of them use the bus at a time. 


Systems with multiple and shared buses use two control 
_ input signals of the UM82C288-10/-12 bus controller, 


CENL and AEN (see Figure 10). CENL enables the bus 
controller to control the current bus cycle. The АМЕ 
input prevents a bus controller from driving its command 
outputs. AEN HIGH means that another bus controller 
may be driving the shared bus. 


In Figure 10, two buses are shown: a local bus and a 
Multibus. Only one bus is used for each CPU bus cycle. 
The CENL inputs of the bus controllers select which bus 
controller is to perform the bus cycle. An address decoder 
determines which bus to use for each bus cycle. The 
UM82C288-10/-12 connected to the shared Multibus must 
be selected by CENL and be given access to the Multibus 
by AEN before it will begin a Multibus operation. 


CENL must be sampled HIGH at the end of the Ts bus 
state (see waveforms) to enable the bus controller to 
activate its command and control outputs. If sampled 
LOW, the commands and DEN will not go active and 
DT/R will remain HIGH. The bus controller will ignore 
the CMDLY, CEN, and READY inputs until another bus 
cycle is started via S1 and SO. Since an address decoder 
is commonly used to identify which bus is required for 
each bus cycle, CENL. is latched to avoid the need for 
latching its input. 


The CENL input can affect the DEN control output. When 
MB = "0", DEN normally becomes active during Phase 2 of 
Те in write bus cycles. This transition occurs before 
CENL is sampled. If CENL is sampled LOW, the DEN 
output will be forced LOW during Тс as shown in the 


“ timing waveforms. 
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When МВ = “1”, CEN/AEN becomes AEN. AEN controls 
when the bus controller command outputs enter and exit 
3-state OFF. AEN is intended to be driven by a bus arbiter, 
like the 82289, which assures only one bus controller is 
driving the shared bus at any time. When AEN makes a 
LOW to HIGH transition, the command outputs їт- 
mediately enter 3-state OFF and DEN is forced inactive. 
An inactive DEN should force the local data transceivers 
connected to the shared data bus into 3-state OFF (see 
Figure 10). The LOW to HIGH transition of AEN should 
only occur during T, or Те bus states. 





ROY M82C284.10/-12 


ARDYEN 


SRDYEN 
CLK > READY 61,50 


ЧМ82С288-10/-12 
млб 
51,50 


CENL 


o 
2 
0 
-а 
4 
9 
О 
= 


ADORESS 
DECODER 


ADDRESS 
DATA 


CLK READY MJ 


51,50 





ARDY 


The HIGH to LOW transition of AEN signals that the 
bus controller may now drive the shared bus command 
signals. Since a bus cycle may be active or be in the process 
of starting, AEN can become active during any T-state. 
AEN LOW immediately allows DEN to go to the appropri- 
ate state. Three CLK edges later, the command outputs 
will go active (see timing waveforms). The Multibus re- 
quires this delay for the address and data to be valid on 
the bus before the commands become active. 


When MB = “0”, CEN/AEN becomes CEN. СЕМ кап asyn- 
chronous input which immediately affects the command 


9100 %5% 


COMMANDS 


MULTIBUS 


ADDRESS 


Figure 10. System Use of AEN and CENL. 
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and DEN outputs. When CEN makes a HIGH to LOW 
transition, the commands and DEN аге · immediately 
forced inactive. When CEN makes a LOW to HIGH transi- 
tion, the Commands and DEN outputs immediately go to 
the appropriate state (see timing waveforms). READY 





.must still become active to terminate а bus cycle if CEN. 


remains LOW for a selected bus controller (CENL was 
latched HIGH). 


Some memory or МО systems may require more address 
or write data setup time to command active than provided 
by the basic command output timing. To provide flexible 
command timing, the CMDLY input can delay the activa- 
tion of command outputs. The CMDLY input must be 
sampled LOW to activate the command outputs. CMDLY 
does not affect the control outputs ALE, MCE, DEN, 
and DT/R. 


CMDLY is first sampled on the falling edge of the CLK 
ending Ts. If sampled HIGH, the command output is 
not activated, and CMDLY is again sampled on the next 
falling edge of CLK. Once sampled LOW, the proper 
, command output becomes active immediately, if MB = "0". 
If MB = 414 the proper command goes active no earlier than 
shown in Figures 7 and 8. 


READY can terminate a bus cycle before CMDLY allows 
a command to be issued. іп this case no commands аге 
issued and the bus controller will deactivate DEN and 
DT/R in the same manner as if a command had been 
issued. 


STATUS, ALE, MCE, CHARACTERISTICS 


CLK 
M/IO, S1, SO 


Waveform Discussion 


The waveforms show the timing relationships of inputs 
and outputs and do not show all possible transitions of all 
signals in all modes. Instead, all signal timing relationships 
are shown via general cases. Special cases are shown when 
needed. The waveforms provide some functional descrip- 
tions of the UM82C288-10/-12, however, most functional 
descriptions are provided in Figures 3 through 9. 


To find the timing specification for a signal transition 
in a particular mode, first look for a special case in the 
waveforms. If no special case applies, then use a timing 
specification for the same or related function in another 
mode. 


Waveforms 
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CEN CHARACTERISTICS WITH МВ = “0” 


— Tc 
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Note: AEN is ап asynchronous input. AEN setup and hold time is specified to guarantee the response shown іп the waveforms. 


Ordering Information 


ЕГДЕ БЕЛЕ 
(/М82С288-10 10 MHz 
. UM82C288-12 12.5 MHz 
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UM82C54/-2 


CMOS Programmable 
Interval Timer 








Г. 
11 








Реатиге5 
= Compatible with other microprocessors а Low power CMOS — [сс = 10 mA @ 8 MHz count 
= High speed, "zero wait state'' operation with 8 MHz frequency 

8086/88 and 80186/188 Completely TTL compatible 


m Three independent 16-bit counters 
Handles inputs from DC to 8 MHz — 10 MHz for 
UM82C54-2 


Six programmable counter modes 
Binary or BCD counting 


Status read back command 


General Description 


The UM82C54/-2 is a high-performance, CMOS version. the HMOS 8254, and is a superset of the 8253. 
of the industry standard 8254 counter/timer which is 
designed to solve the timing control problems common 
іп microcomputer system design. H provides three 
independent 16-bit counters, each capable of handling 


Six programmable timer modes allow the UM82C54/-2 
to be used as an event counter, elapsed time indicator, 
programmable one-shot, and in many other applications. 


clock inputs up to 10 MHz. All modes are software Тһе UM82C54/-2 is available in 24-ріп DIP and 28-pin 
programmable. The UM82C54/-2 is pin compatible with plastic leaded chip carrier (PLCC) packages. 
Pin Configurations Block Diagram 


ско 


ОАТА 
07-00 BUS COUNTER GATE О 
BUFFER 0 


OUT о 





1 
2 
3 
4 
5 
5 
7 
B 
9 


2 /vS29c8un 


CLK 1 


COUNTER 
1 GATE 1 


OUT 1 





INTERNAL BUS 





SOE ROL COUNTER 
WORD 
REGISTER 2 4----- САТЕ 2 





OUTO САТЕО GND NC ОТА БАТЕ) СК 


‘Diagrams аге for ріп reference only. 
Package sizes are not to scale. 
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Absolute Maximum Ratings* *Comments 

Ambient Temperature Under Bias ...... 0°C to 70°C Stresses above those listed under “Absolute Maximum 
Storage Temperature ........... —65°С to +150°С Ratings" may cause permanent damage to the device. 
Supply Voltage ................ —0.5 to +8.0V These are stress ratings only. Functional operation of 
Operating Уоһаде................. +4М to +7М this device at these or any other conditions above those 
Voltage оп апу Input ......... GND —2V to +6.5V indicated in. the operational sections of this specification 
Voltage on any Output ... GND —0.5\ to Vee +0.5V is not implied and exposure to absolute maximum rating 
Power Dissipation ..................... 1 Watt 


conditions for extended periods may affect device re- 
liability. 


"РС Electrical Characteristics (Тл = 0°C to 70 C, Vec = 5V + 10%, GND = OV) 


Symbol 
Пис | treat tow мое — — | — 
Cva приема — — 
мо. | Output tow Vors — — | 
мен | Одри High vom — 
Гн [ебля crem 


V L 
Уін 
VoL 
VoH 
Іш 
| сев __ 









|ссев Усс Supply Current-Standby 


Capacitance (T4 = 25°С, Усс = GND = OV) 


шинж 

CSym [тетш | Mm. 1 

“сы | маларије |0 
БЕНЕН БЕРЕН 
magn: 








НО Capacitance 
Output Capacitance 


Unmeasured pins 
returned to GND 


AC Characteristics (Т, = ОС to 70°C, Vec = 5V + 10%, GND = OV) 
BUS Parameters (Note 1) 
READ CYCLE 


Address Stable Before RD J 


CS Stable Before RD 4 


Note: AC timing 
1. AC timing measured at Моц = 2.0М, VoL = 0.8V. 
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AC Characteristics (Continued) 
WRITE CYCLE 
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220 

| og | Output Delay trom Gaet | [| m | 

| wc | CKDhyfrtedo | о | s | 

| wa | Sete nn | 5 | 5 | 
CL 


2 


5 
| wo | OUT Delay from Mode Write 


Notes: 
2. In Modes 1 and 5 triggers are sampled on each rising clock edge. А second trigger within 120 ns (70 ns for the UM82C54/-2 of the 
rising clock edge may not be detected. 
3, Low-going glitches that violate tpwH: tpw May cause errors requiring counter reprogramming. ` 
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Pin Description 
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Ao, Ay Address: Select inputs for one of the 
three counters or Control Word Register 
for read/write operations, Normally 0 0 Counter O 
connected to the system address bus. 0 1 Counter 1 
1 0 Counter 2 
1 1 Control Word Register 
CS Chip Select: A low on this input enables the UM82C54/-2 to respond to RD 





and WR signals. RD and WR are ignored otherwise. 


Read: This input is low during CPU read operations. 





Write: This input is low during CPU write operations. 


Power: +5V power supply connection. | 


i 






Functional Description Some of the other computer/timer functions common 


to microcomputers which can be implemented with 


General 
the UM82C54/-2 are: 
Тһе UM82C54/-2 is a programmable interval timer/ 
counter designed for use with microcomputer systems. It € Неа! time clock 
is a general purpose, multi-timing element that can be € Event counter 
treated as an array of 1/0 ports in the system software. € Digital one-shot 
€ Programmable rate generator 
Тһе UM82C54/-2 solves one of the most common prob- € Square wave generator 
lems in any microcomputer system, the generation of ac- € Binary rate multiplier 
curate time delays under software control. Instead of set- € Complex waveform generator 
ting up timing loops in software, the programmer con- € Complex motor controller 


figures the UM82C54/-2 to match his requirements and 
programs one of the counters for thedesired delay. After 


the desired delay, the UM82C54/-2 will interrupt the Data Bus Buffer 
CPU. Software overhead is minimal and variable length This 3-state, bi-directional, 8-bit buffer is used to inter- 
delays can easily be accommodated. face the UM82C54/-2 to the system bus (see Figure 1). 


















COUNTER 
0 











COUNTER 
1 GATE 1 


OUT 1 


INTERNAL BUS 







CLK 2 


ай, срещи GATES 
{ OUT 2 





Figure 1. Data Bus Buffer and Read/Write 
Logic Function 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system 
bus and generates control signals for the other func- 
tional blocks of the UM82C54/-2. A, and Ag select one 
of the three counters or the Control Word Register 
to be read from/written into. А “ом” on the RD 


input tells the UM82C54/-2 that the CPU is reading one | 


of the counters. A "low" on the WR input tells the 
UM82C54/-2 that the CPU is writing either a Control 
Word or an initial count. Both RD and WR are qualified 
by CS; RD and WR are ignored unless the UM82C54/-2 
has been selected by holding CS low. 


Control Word Register 


The Control Word Register (Figure 2) is selected by 
the Read/Write Logic when Ај, Аб = 11. If the CPU 
then does a write operation to the UM82C54/-2, the 
data is stored in the Control Word Register and is 
interpreted as a Control Word used to define the 
Counter operation. 


The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 


Counter 0, Counter 1, Counter 2 


These three functional blocks are identical in operation, 


UM82C54/-2 


ч ——CLK 0 


DATA COUNTER 
BUS = ж 0 -4— GATE 0 
BUFFER 


OUT O 


COUNTER 
#1 


COUNTER 
#2 


INTERNAL BUS 





Figure 2. Control Word Register and 
Counter Functions 


so only a single Counter will be described. The internal 
block diagram of a single counter is shown in Figure 3. 


The Counters are fully independent. Each Counter 


may operate in a different Mode. 


The Control Word Register is shown in the figure; it 


is not part of the Counter itself, but its contents de- | 


termine how the Counter operates. 


di 
CONTROL 

WORD 

REGISTER 


CONTROL 
LOGIC 





Figure 3. Counter Internal Block Diagram 
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The status register, when latched, contains the current . 


contents of the Control Word Register and status of 
the output and null count flag. (See detailed ехріапа- 
tion of the Read-Back command.) 


The actual counter is labeled CE (for "Counting Ele- 
ment). 
counter. 


It is a 16-bit presettable synchronous down 


Oly, and OL, are two 8-bit latches. OL stands for 
“Output Latch’; the subscripts M and | for "Most 
Significant byte” and ‘‘Least significant byte’’ respec- 
tively. Both are normally referred to as one unit and 
called just OL. These latches normally “follow” the 
CE, but if a suitable Counter Latch Command is sent 
to the UM82C54/-2, the latches "latch" the present count 
until read by the CPU and then return to "following" 
the CE. One latch at a time is enabled by the counter's 
Control Logic to drive the internal bus. This is how 
the 16-bit Counter communicated over the 8-bit internal 
bus. Note that the CE itself cannot be read; whenever 
you read the count, it is the OL that is being read. 


Similarly, there are two 8-bit registers called СВ and 
CR, (for "Count Register"). Both are normally referred 
to as one unit and called just CR. When a new count 
is written to the Counter, the count is stored in the 
CR and later transferred to the СЕ, The Control Logic 
allows one register at a time to be loaded from the 
internal bus. Both bytes are transferred to the CE 
simultaneously. СВ, and CR, аге cleared when the 
Counter is programmed for one byte count (either 
most significant byte only or least significant byte only) 
the other byte will be zero. Note that the CE cannot 
be written into; whenever a count is written, it is written 
into the CR. 


The Control Logic is also shown in the diagram. CLK n, 
GATE n, and OUT n are all connected to the outside 
world through the Control Logic. 


0М82С54/-2 System Interface 


The UM82C54/-2 is treated by the system software as an 
array of peripheral 1/О ports; three are counters and 
the fourth is a control register for MODE programming. 


Basically, the select inputs Ag, A, connect to the Ар, 
A, address bus signals of the CPU. The CS can be 
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TT epe 


DATA BUS (8) 


Ag © 00-07 RD 
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UM82C54/-2 


COUNTER 


COUNTER 
0 1 


COUNTER 
2 


OUT GATE CLK OUT GATE CLK OUT GATE CLK 


Figure 4. UM82C54/-2 System Interface 


derived directly from the address bus using a linear 
select method or it can be connected to the output of 
a decoder. 


Operational Description 


General 


After power-up, the ‘state of the UM82C54/-2 is un- 
defined. The Mode, count value, and output of all 
Counters is undefined. 


How each Counter operates is determined when it is 
programmed. Each Counter must be programmed 
before it can be used. Unused counters need not be 
programmed. 


Programming the UM82C54/-2 


Counters are programmed by writing a Control Word 
and then an initial count. 


All Control Words are written into the Control Word 
Register, which is selected when Ај, Ag = 11. The 
Control Word specifies which Counter is being pro- 
grammed. 


By contrast, initial counts are written into the Counters, 
not the Control Word Register. Тһе А,, Ag inputs 
are used to select the Counter to be written. The 
format of the initial count is determined by the Control 
Word used. 





(Доме 


Control Word Format 
Ај, Аб = 11; CS - 0; RD = 1; WR = 0 





SC — Select Counter: 





Select Counter O 


. Select Counter 1 


AE | Select Counter 2 


Read-Back Command 
(See Read Operations) 


RW — Read/Write: 


RW1 АМО 

"[ uem 
Operations) 

Fo | | ReadWrite teast significant byte oniy. 

1 | | певали most significant буле only, 















Read/Write least significant byte first, 
then most significant byte 







р, | Dg Ds D, Оз 0. О, Do 
[sci [sco [wr TRwo | мг | wi | мо | CD ] 


ИМ82С54/-2 


М — MODE: 
















REN Binary Counter 16-bits 


1 Binary Coded Decimal (BCD) Counter 
(4 Decades) 





Figure 5. Control Word Format 


Write Operations 
The programming procedure for the UM82C54/-2 is 


very flexible. Only two conventions need to be re- 
membered: 


1. For each Counter, the Control Word must be written 
before the initial count is written. 


2. The initial count must follow the count format 
specified in the Control Word (least significant byte 
only, most significant byte only, or least significant 
byte and then most significant byte). 


Since the Control Word Register and the three Counters 
have separate addresses (selected by the Ај, Аб inputs), 
апа each Control Word specifies the Counter it applies 
to (SCO, SC1 bits), no special instruction sequence is 
required. Any programming sequence that follows 
the conventions above is acceptable. 


A new initial count may be written to a Counter at 
any time without affecting the Counter's programmed 
.. Mode in any way. Counting will be affected as described 
in the Mode definitions. The new count must follow 
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the programmed count format. 


If a Counter is programmed to read/write two-byte 
counts, the following precaution applies: А program 
must not transfer control between writing the first 
and second byte to another routine which also writes 
into that same Counter. Otherwise, the Counter will 
be loaded with an incorrect count. 


Read Operations 


It is often desirable to read the value of a Counter 
without disturbing the count in progress. This is easily 
done in the UM82Cb4/-2. 


There are three possible methods for reading the 
Counters. The first is through the Read-Back command, 
which is explained later. The second is a simple read 
operation of the Counter, which is selected with the 
А, Аб inputs. The only requirement is that the CLK 
input of the selected Counter must be inhibited by 


using either the GATE input or external logic. Other- 


wise, the count may be in process of changing when 
it is read, giving an undefined result. 
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Control Word — Counter 0 
LSB of count — Counter 0 
MSB of count — Counter 0 
Control Word — Counter 1 
' LSB of count — Counter 1 
MSB of count — Counter 1 
Control Word — Counter 2 
‘LSB of count ~ Counter 2 
MSB of count — Counter 2 


---оо-соо-Р 
оОо----оо-Д2Р 


= 


Control Word — Counter 0 
Control Word — Counter 1 
Control Word — Counter 2 
LSB of count — Counter 2 
LSB of count — Counter 1 
LSB of count — Counter 0 
MSB of count — Counter 0 
MSB of count — Counter 1 
MSB of count — Counter 2 


— О О О О — > > — 


Control Word — Counter 2 
Control Word — Counter 1 
Control Word — Counter O 
LSB of count — Counter 2 
MSB of count — Counter 2 
LSB of count — Counter 1 
MSB of count — Counter 1 
LSB of count — Counter O 
MSB of count — Counter O 


оо--оо---Р 


Р 
Р 
5 


Control Word — Counter 1 
Control Word — Counter O 
LSB of count — Counter 1 
Control Word — Counter 2 
LSB of count — Counter O 
MSB of count — Counter 1 
LSB of count — Counter 2 
MSB of count — Counter O 
MSB of count — Counter 2 


ооо- о ~ + 


Note: Іп all four examples, all counters аге programmed to read/write two-byte counts. 
| These are ónly four of many possible programming sequences. 





Figure 6. A Few Possible Programming Sequences 


Counter Latch Command . 


The other method involves a special software command: 


called the "Counter Latch Command". Like a Control 
Word, this command is written to the Control Word 
Register, which is selected when Ај, Аб = 11. Also, 
like a Control Word, the SCO, SC1 bits select one of the 
three Counters, but two other bits, Ds and Da, dis- 
tinguish this command from a Control Word. 


A,, А, = 11; CS = 0; RD = 1; WR = 0 
D, D, D, D, D, D, D, р, 
[scr|sco| o | o | x | х | x | 


SC1 , SCO — specify counter to be latched 
SC1 SCO Counter 


Read-Back Command 


Ds, D4 — 00 designates Counter Latch Command 
x — don't саге 


Figure 7. Counter Latch Command Format 


The selected Counter's output latch (OL) latches the 
count when the Counter Latch Command is received. 
This count is held in the latch until it is read by the 
CPU (or until the Counter is reprogrammed). The 





count. is then unlatched automatically and the OL 
returns to “following” reading the contents of the 
Counters “оп the Ну” without affecting counting in 
progres. Multiple Counter Latch Commands may 
be used to latch more than one Counter. Each latched 
Counter's OL holds its count until read. Counter 
Latch Commands do not affect the programmed Mode 
of the Counter in any way. 


If a Counter is latched and then, some time later, latched 
again before the count is read, the second Counter 
Latch Command is ignored. The count read will be 
the count at the time the first Counter Latch Command 
was issued. 


With either method, the count must be read according 
to the programmed format; specifically, if the Counter 
is programmed for two byte counts, two bytes must 
be read. The two bytes do not have to be read one 
right after the other; read or write or programming 
operations of other Counters may be inserted between 
them. 


Another feature of the UM82C54/-2 is that reads and 
writes of the same Counter may be interleaved; for 
example, if the Counter is programmed for two byte 
counts, the following sequence is valid. 


1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 
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If a Counter is programmed to read or write two-byte 
counts, the following precaution applies: A program 
MUST NOT transfer contro! between reading the first 
and second byte to another rautine which also reads 
from that same Counter. Otherwise, an incorrect count 
will be read. 


Read-Back Command 


The read-back command allows the user to check the 
count value, programmed mode, and current state 
of the OUT pin and Null Count flag of the selected 
counter (s). 


The command is written into the Control Word Register 
and has the format shown in Figure 8. The command 
applies to the counters selected by setting their corres- 
ponding bits Оз, D, , D, = 1. 


D, 


D, D, Во Bs D, D, OBS 
| Bs Eus ТТІ ТЛ o 


: 0 = Latch count of selected counter (s) 

: 0 = Latch status of selected counter (s) 

: 1 = Select counter 2 

: 1 = Select counter 1 

: 1 = Select counter 0 i 

: Reserved for future expansion: Must be O 


Figure 8, Read Back Command Format 


The read-back command may be used to latch multiple 
counter output latches (OL) by setting the COUNT bit 
Ds = 0 and selecting the desired counter(s). This single 
command is functionally equivalent to several counter 
latch commands, one for each counter latches. Each 
counter's latched count is held until it is read (or the 
counter is reprogrammed). That counter is automa- 
tically unlatched when read, but other counters remain 
latched until they are read. If multiple count read-back 
commands are issued to the same counter without 
reading the count, all but the first are ignored; i.e., 
the count which will be read is the count at the time 
the first read-back command was issued. 


The read-back command may also be used to latch 
status information of selected counter(s) by setting 
STATUS bit D4 = 0. Status must be latched to be 
read; status of a counter is accessed by a read from that 
counter. | 


The counter status format is shown in Figure 9. Виз 
Ds through Dg contain the counter's programmed 
Mode exactly as written in the last Mode Control Word. 
OUTPUT bit О, contains the current state of the 
OUT pin. This allows the user to monitor the counter's 
output via software, possibly eliminating some hardware 
from a system. 
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р, 


D 0, D, D, D, D, D, 
NULL 


D, 1 = Out pin is 1 
0 = Out pin is 0 
D, 1 = Null count 
0 = Count available for reading 
D, -D, = Counter programmed mode (see figure 7) 








Figure 9. Status Byte 


NULL COUNT bit Dg indicates when the last count 
written to the counter register (CR) has been loaded 
into the counting element (CE). The exact time this 
happens depends on the Mode of the counter and is 
described in the Mode Definitions, but until the count 
is loaded into the counting element (CE), it can't be 
read from the counter. |f the count is latched or read 
before this time, the count value will not reflect the 
new count just written. 
is shown in Figure 10. 


This Action: Causes: 
A. Write to the control word register) „МУП count=1 
B. Write to the count register (CR); Null count=1 


С. New count is loaded into СЕ СВ-»СЕ); Null count=0 


Monty the counter specified by the contro! word will 
have its null count set to 1. Null count bits of other 
counters are unaffected. 


(21+ the counter is programmed for two-byte counts 
(least significant byte then most significant byte) 
null count goes to 1 when the second byte is written. 


Figure 10. Null Count Operation 


If multiple status latch operations of the counter (s) 
are performed without reading the status, all but the 
first are ignored; i.e., the status that will be read is 
the status of the counter at the time the first status 
read-back command was issued. 


Both count and status of the selected counter(s) may 
be latched simultaneously by setting both COUNT and 
status bits Ds, D4 = 0. This is functionally the same 
as issuing two separate read-back commands at once, 
and the above discussions apply here also. Specifically, 
if multiple count and/or status read-back commands 
are issued to the same counter(s) without any interven- 
ing reads, all but the first are ignored. This is illustrated 
in Figure 11, 


If both count and status of a counter are latched, the 
first read operation of that counter will return latched 
status, regardless of which was latched first. The next 
one or two reads (depending on whether the counter 
is programmed for one or two type counts) return 
latched count. Subsequent reads return unlatched 
count. 


The operation of Null Count 
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А је | _______- 
ЕЯ Write into Counter 0 


ЕЕЕ Write into Counter 1 
ШЕШЕН Write into Counter 2 





Read from Counter O 


о 0 | 
EFTER Read from Counter 1 
ENTE Read from Counter 2 


pu 


X 


No-Operation (3-State) 


No-Operation (3-State) 


x No-Operation (3-State) 





Figure 12. Read/Write Operations Summary 


Mode Definitions 


The following are defined for use in describing the 
operation of the UM82C54/-2. 


CLK PULSE: a rising edge, then a falling edge, in that 
order, of a Counter's CLK input. 


TRIGGER: a rising edge of a Counter's Gate input. 


COUNTER 
LOADING: the transfer of a count from the CR to 
the CE (See "Functional Description'') 


Mode 0: interrupt on Terminal Count 
Mode O is typically used for event counting. After the 


Command 
D; 


Control Word is written, OUT is initially low, and will 
remain low until the Counter reaches zero. OUT then 
goes high and remains high until a new count or a new 
Mode 0 Control Word is written to the Counter. 


САТЕ ғ 1 enables counting; GATE ғ 0 disables count- 
ing. GATE has no effect on OUT. 


After the Control Word and initial count are written 
to a Counter, the initial count will be loaded on the 
next CLK pulse. This CLK pulse does not decrement 
the count, so for an intial count of N, OUT does not 
go high until М + 1 CLK pulses after the initial count 
is written. 


If a new count is written to the Counter it will be loaded 
on the next CLK pulse and counting will continue from 
the new count. If a two-byte count is written, the 
following happens: 


Тас Writing the first byte disables counting. Out is set 
tow immediately (no clock pulse required). 


2 — Writing the second byte allows the new count to 
be loaded on next CLK pulse. 


This allows the counting sequence to be synchronized 
by software. Again OUT does not go high until N + 1 
CLK pulses after the new count of N is written. 


If ап initial count is written while GATE = 0, it will 
still be loaded on the next CLK pulse. When GATE 
goes high, OUT will go high N CLK pulses later; no 
CLK pulse is needed to load the Counter as this has 
already been done. | 


Description Result 


1 Read back count and status of Count and status latched 
Counter O for Counter O 


Read back status of Counter 1 Status latched for Counter 1 


Read back count of Counter 2 Count latched for Counter 2 


Read back status of Counters 2, 1 | Status latched for Counter 
2, but not Counter 1 


Read back count and status of Count latched for Counter 1, 
Counter 1 but not status 


1 Read back status of Counter 1 Command ignored, status 
already tatched for Counter 1 


Figure 11. Read-Back Command Example 
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Mode 1: Hardware Retriggerable One-Shot 


OUT will be initially high. OUT will go low оп the 
CLK pulse following a trigger to begin the one-shot 
pulse, and will remain low until the Counter reaches 
zero. OUT will then go high and remain high until 
the CLK pulse after the next trigger. 


After writing the Control Word and initial count, the 
Counter is armed. A trigger results in loading the 
Counter and setting OUT low on the next CLK pulse, 
thus starting the one-shot pulse N CLK cycles in dura- 
tion. Тһе one-shot is retriggerable, hence OUT will 
remain low for N CLK pulses after any trigger. The one- 


CW-10 LSB-4 


Pep pep ES БЕ НЕ 


С\ = 10 158 = 3 


МӘН ЛЫ 


СМ = 10 158«3 (58-2 


- үр- 


ВИА | аны Е 
зі2111211 Ро lee 


Note: THE FOLLOWING CONVENTIONS APPLY TO ALL MODE TIMING DIAGRAMS: 
1 COUNTERS ARE PROGRAMMED FOR BINARY (МОТ ВСО! COUNTING AND FOR 
READING/WRITING LEAST SIGNIFICANT ВУТЕ 58) ONLY 
. THE COUNTER 15 ALWAYS SELECTED (CS ALWAYS LOWI 
CW STANDS FOR "CONTROL МОНО”. CW=10 MEANS A CONTROL МОНО OF 10. HEX 
IS WRITTEN TO THE COUNTER. 
. LSB STANDS FOR "LEAST SIGNIFICANT BYTE" OF COUNT. 
NUMBERS BELOW DIAGRAMS ARE COUNT VALUES 
THE LOWER NUMBER IS THE LEAST SIGNIFICANT BYTE 
THE UPPER NUMBER IS THE MOST SIGNIFICANT BYTE SINCE THE COUNTER IS 
PROGRAMMED TO READ/WRITE LSB ONLY. THE MOST SIGNIFICANT BYTE CANNOT 
BE READ. 
N STANDS FOR AN UNDEFINED COUNT 
VERTICAL LINES SHOW TRANSITIONS BETWEEN COUNT VALUES 





Figure 13. Mode 0 
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shot pulse сап be repeated without rewriting the same 
count into the counter. GATE has no effect on OUT. 


If a new count is written to the Counter during a one- 
shot pulse, the current one-shot is not affected unless 
the Counter is retriggered. In that case, the Counter 
is loaded with the new count and the one-shot pulse 
continues until the new count expires. 


Mode 2: Rate Generator 


This Mode functions like a divide-by-N counter. It is 
typically used to generate a Real Time Clock interrupt. 
OUT will initially be high. When the initial count has 
decremented to 1, OUT goes low for one СЕК pulse. 
OUT then goes high again, the Counter reloads the 
initial count and the process is repeated. Mode 2 is 
periodic; the same sequence is repeated indefinitely. 
For an initial count of N, the sequence repeats every 
N CLK cycles. 


CW=12 15В-3 


0 010 A а el 
ЈАТ р (212 


СМ = 12  LSB*3 


------- а денят 


САТЕ 
' OUT 


ыы 
| NINI 312]: 312 1 0 


CW=12 158-2 LSB = 4 
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Figure 14. Mode 1 
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GATE = 1 enables counting; GATE = 0 disables count- 
ing. М GATE goes low during an output pulse, OUT 
is set high immediately. A trigger reloads the Counter 
with the initial count on the next CLK pulse; OUT goes 
low N CLK pulses after the trigger. Thus the GATE 
input can be used to synchronize the Counter. 


After writing a Control Word and initial count, the Co- 
unter will be loaded on the next CLK pulse. OUT goes 
low N CLK pulses after the initial count is written. This 
allows the Counter to be synchronized by software also. 


Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing а new count but before the end of the current 
period, the Counter will be 1Фааеа with the new count 
on the next CLK pulse and counting will continue from 
the new count. Otherwise, the new count will be loaded 
at the end of the current counting cycle. 


СМ = 14 LSB = З 


OUT | | | | | 


НІН 


ЛАМ 1141: 


СМ = 14 158 = 3 


GATE LJ 
OUT | \ | 


о tolo | 
pq ppl fe lee 21113 


CW=14 158 «4 158 =5 


"Ed ES 2155 41 
імімі|м|м|9 12111514 |3 


Note: А GATE transition should not occur one clock 
prior to terminal count. 
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Mode 3: Square Wave Mode 


Mode 3 is typically used for Baud rate generation. 
Mode 3 is similar to Mode 2 except for the duty cycle 
of OUT. OUT will initially be high. When half the 
inital count has expired, OUT goes low for the rema- 
inder of the count. Mode 3 is periodic; the sequence 
above is repeated indefinitely. Ап initial count of М 
results in a square wave with a period of N CLK cycles. 


GATE - 1 enables counting; GATE ғ 0 disables count- 
ing. ІҒ GATE goes low while OUT is low, OUT is set 
high immediately; no CLK pulse is required. A trigger 
reloads the Counter with the initial count on the next 
CLK pulse. Thus the GATE input can be used to 
synchronize the Counter. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. OUT 
goes low N CLK pulses after the initial count is written. 
This allows the Counter to be synchronized by software. 


Writing a new count while counting does not affect the 


СМ = 16 158 = 4 


мчч IN [4 I2 181512 [3 [2 [9 12] 21 


СМ = 16 158-4 


гаиа 


I| мм In 12 1213121212 12 12 121 21 


Note: A GATE transition should not occur one clock 
prior to terminal count. 





Figure 16. Mode 3 
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current counting sequence. If a trigger is received after 
writing a new count but before the end of the current 
half-cycle of the square wave, the Counter will be loaded 
with the new count on the next CLK pulse and counting 
will continue from the new count, Otherwise, the new 
count will be loaded at the end of the current half-cycle. 


Mode 3 is implemented as follows: 


EVEN COUNTS: OUT is initially high. Тһе initial 
count is loaded on one CLK pulse and then is decre- 
mented by two on succeeding CLK pulses. When the 
count expires OUT changes value and the Counter 15 
reloaded with the initial count. The above process is 
repeated indefinitely. 


ODD COUNTS: OUT is initially high. The initial count 
minus опе (ап even number) is loaded on one CLK pulse 
and then is decremented by two on succeeding CLK 
pulses. One CLK pulse after the count expires, OUT 
goes low and the Counter is reloaded with the initia! 
count minus one. Succeeding CLK pulses decrement 
the count by two. When the count expires, OUT goes 
high again and the Counter is reloaded with the initial 
count minus one. The above process is repeated inde- 
finitely. So for odd counts, OUT will be high for (N 
+ 1)/2 counts and low for (М — 1)/2 counts. 


Mode 4: Software Triggered Mode 


OUT will be initially high. When the initial count 
expires, OUT will go low for one CLK pulse and then 
go high again. The counting sequence is ‘’Triggered”’ 
by writing the initial count. 


GATE = 1 enables counting; GATE = 0 disables count- 
ing. GATE going low freezes OUT in current logic state. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This 
CLK pulse does not decrement the count, so for an 
initial count of N, OUT does not strobe low until N + 
1 CLK pulses after the initial count is written. 


На new count is written during counting, it will be 
loaded on the next CLK pulse and counting will соп- 
tinue from the new count. If a two-byte count is 
written, the following happens: 


1. Writing the first byte has no effect on counting. 
2. Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 


This allows the sequence to be “retriggered” by soft- 
ware. OUT strobes low N + 1 CLK pulses after the 
new count of N is written. - 
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Figure 17. Моде 4 


Mode 5: Hardware Triggered Strobe (Retriggerable) 


OUT will initially be high. Counting is triggered by a 
rising edge of GATE. When the initial count has ex- 
pired, OUT will go low for one CLK pulse and then go 
high again. 


After writing the Control Word and initial count, the 
counter will not be loaded until the CLK pulse after a 
trigger. This CLK pulse does not decrement the count, 
so for an initial count of N, OUT does not strobe low 
until N * 1 CLK pulses after trigger. 


A trigger results in the Counter being loaded with the 
initial count on the next CLK pulse. Тһе counting 
sequence is triggerable. OUT will not strobe low for 
N * 1 CLK pulses after any trigger. GATE has no 
effect on OUT. 


If a new count is written during counting, the current 
counting sequence will not be affected. If a trigger 
occurs after the new count is written but before the 
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current count expires, the Counter will be loaded with 
the new count on the next CLK pulse and counting 
will continue from there. 


Operations Common to all Modes 


Programming 


When a.Control Word is written to a Counter, all Control 
Logic is immediately reset and OUT goes to a known in- 
itial state; no CLK pulses are required for this. 


Gate 


The GATE input is always sampled on the rising edge 
of CLK. In Modes 0, 2, 3, and 4 the Gate input is 
level sensitive, and the logic level is sampled on the 
rising edge of CLK. In Modes 1, 2, 3, and 5 the GATE 
input is rising-edge sensitive. In these Modes, а rising 
edge of Gate (trigger) sets an edge-sensitive flip-flop 
in the Counter. This flip-flop is reset immediately 


СМ = 1А LSB-3 
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СМ = 1А 15В-3 


ІчІмімімінім|9|21212121|2 ЈЕ 


CW*1A 188 = 3 158 «5 


In Iv Io Ind NI S12[2 18 IRE IE [8 1%] 





Figure 18. Mode 5 
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after it is sampled. In this way, a trigger will be detected 
no matter when it occurs — a high logic level does 
not have to be maintained until the next rising edge 
of CLK. Note that in Modes 2 and 3, the GATE input 
is both edge- and |еме!-зепз ме. 


Counter 


New counts are loaded and Counters are decremented 
on the falling edge of CLK. 


The largest possible initial count is 0; this is equivalent 
to 219 for binary counting and 10* for BCD counting. 


The Counter does not stop when it reaches zero. In 
Modes 0, 1, 4, and 5 the Counter ‘‘wraps around” to 
the highest count, either FFFF hex for binary counting 
or 9999 for BCD counting, and continues counting. 
Modes 2 and 3 are periodic; the Counter reloads itself 
with the initial count and continues counting from there. 


Signal 
Status | Low or Going Low 
Modes 
Disable Enables 
counting 






counting 
1) Initiates counting 
2) Resets output 
after next clock 
Initiates Enables 
counting counting 
Initiates | Enables 
counting ' counting 
Disables Enables 
counting counting 
Initiates 
counting 


Figure 19. Gate Pin Operations Summary 


1) Disabie counting 
2) Sets output 
immediately high 


1) Disables counting 
2} Sets output 
immediately high 











Note: 0 is equivalent to 216 for binary counting and 104 for 
BCD counting 





Figure 20. Minimum and Maximum Initial Counts 
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Timing Waveforms (Continued) 





CLOCK AND GATE 


OUTPUT 0 


*LAST BYTE OF COUNT BEING WRITTEN 





А.С. Testing Input, OUTPUT Waveform A.C. Testing Load Circuit 





DEVICE 
UNDER 
TEST 


Г = 150 pF 
CL includes JIG capacitance 


2.0 2.0 


“> ТЕ5Т РОНЧТ5 d 


0.8 

















A.C. testing: Inputs are driven at 2.4V for a logic “1” 
and 0.45У for a logic “0”. Timing measurements аге 
made at 2.0V for a logic “1” and 0.8V for a logic “0”. 


= 





Ordering Information 


UM82C54 24L DIP 


UM82C54-2 24L ПІР 
UM82C54L | 28L PLCC 
UM82C54L/-2 28L PLCC 
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UME 


UME ~ UM82C55A 


CMOS Programmable 
Peripheral Interface 














Features 

B Pin compatible with NMOS 8255A | 80С86 

B 24 programmable 1/О pins Direct bit set/reset capability 

в Fully TTL compatible Enhanced control word read capability 
в 


.Bus-hold circuitry on а! I/O ports eliminates pull-up 
resistors 
High speed, no “май state” operation with 8MHz 


Single 5V power supply 
2.5mA drive capability on all 1/0 port outputs 
Low standby current — Іссев = 10ДА 
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~ 
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General Description 
The UM82C55A ва high performance CMOS version of the performance of the UM82C55A makes it compatible with 


industry standard 8255A and is manufactured using a microprocessors such as the 8086, 8048, 8051. 

self aligned silicon gate CMOS process. И is a general 

purpose programmable 1/О device which тау be used with Static CMOS circuit design ensures low operating power. 
many different microprocessors. There are 24 |/O pins TTL compatibility of Мн 72.0 volts over the industrial 
which may be individually programmed in 2 groups of 12 temperature range and bus hold circuitry eliminates the 
and used in 3 major modes of operation. The high need for pull-up resistors. 

Pin Configuration | Block Diagram 






POWER HV 


SUPPLIES GNO 


PIN NAMES 










05-00 DATA BUS (В!- 
DIRECTIONAL? 


| 
РА7.РАО PORT А (ВІТ) 








BI-DIRECTIONAL 
DATA BUS 










DATA 


07-00 беш в05 
BUFFER 








8-81Т 
INTERNAL 
DATA BUS 
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Absolute Maximum Ratings* 


Supply Voltage ....... POPE ....*8.0 VOLTS 
Operating Voltage Range .............. *4V to +7М 
Input Voltage Applied ........... GND-—2.0V to 6.5V 
/О Pin Voltage Applied. ..... GND-0.5V to VCC40.5V 
Storage Temperature Range ........ —65°C to +150 С 
Operating Temperature Range.......... 0°C to +70 C 
Maximum Power О155рашоп................ 1 Watt 


DC Electrical Characteristics 
(VCC = 5.0М+/-596; T4 = 0°C to +70°C) 


Logical One Input Voltage 

| № | Logical Zero Input Voltage 
Logical One Output Voltage 
Logical Zero Output Voltage 
Input Leakage Current 

| о | I/O Pin Leakage Current 

Bus Hold High Leakage Current 
Bus Hold ӨР | ваКаде Current 
Darlington Drive Current 


ы Power Supply Current 


Capacitance 
(ТА = 257 С: Мес = 























*Guaranteed and sampled, but not 100% tested 
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GND = OV; Ум =+5V or GND) 


*Comments 


Stresses above those listed under ‘‘Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


Іон <-2.5тА 
Іон = -100 uA 


Гог = +2.5 mA 
1 


о 


Оу< Vis < Усс 
Оу< Vo < Vcc 


Vo = 3.0V 
Ports A, B, C 


ү 
со 
с 


Vo = 1.0V 
Port A only 


Ports A, B, C 
Test Condition 3 


Vcc = 5.5V 
Vin = Усс or GND 
Outputs Open 


Ч 


ЕВЕО + 1 MHZ 


Unmeasured Pins 
Returned to GND 
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АС Characteristics 
(Voc = +5У 35%, GND = OV; T4 = О°С to +70° C) 


ВЕАО 
Ген T —= T ж |р» | == 
0 ns 


Address Stable Before READ 
150 | ns 

















Address Stable After READ 
READ Pulse Width 

Data Valid From READ 

Data Float After READ 
Time Between READSs and/or 
WRITEs 












10 75 п5 2 
300 ns 






. WRITE 


e 
м. 
© 
О 
8 
£ 
s 
2 
U 
б. 





Address Stable Before WRITE 
Address Stable After WRITE Ports A & B 


Port C 
WRITE Pulse Width 


Data Valid to WRITE High 
Data Valid After WRITE High | Ports A & В 
Port C 


OTHER TIMING 


WR = 1 to Output 


Peripheral Data Before RD 
Peripheral Data After RD 
ACK Pulse Width 

STB Pulse Width 

Per. Data Before STB High 
Per. Data After STB High 
ACK = 0 to Output 

ACK = 1 to Output Float 
WR = 1 to ОВЕ = 0 

ACK = 010 ОВЕ = 1 

STB = Ото IBF = 1 

ВО = 1 to IBF = 0 

ВО =О {о МТВ = 0 

STB = 1 to |МТВ = 1 

АСК = 1 to МТВ = 1 
WR = Ото МТВ = 0 
Reset Pulse Width | see note 1 


з — md — — — — N) — 


— 





Note: Period of initial Reset pulse after power-on must be at least 50usec. Subsequent Reset pulses may be 500 ns. 
minimum. 
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AC Test Circuits 





V1 


R1 


‚ FROM OUTPUT 


UNDER TEST TEST POINT 


C1* *|ncludes stray and jig 


R2 | сараспапсе 





TEST CONDITION DEFINITION TABLE 


Timing Waveforms 


MODE 0 (BASIC INPUT) 


ва — 
RD чв tHR 


meur СЭ 
| | ша: 


-a—— tAR - ТВА 


а у... | 
RD 


MODE 0 (BASIC OUTPUT) 


tww 
WR 
ну 74 
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CS,A1,A0 | НЫ 
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MODE 1 (STROBED INPUT) 


EN : ст О 
| ГЕ нені 
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ст 1 
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Timing Waveforms (Continued) 
MODE 1 (Strobe Output) 
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MODE 2 (BIDIRECTIONAL) 





DATA FROM 
8080 TO UM82C55A 


Я 


| 


2 
4 
2) 


| 
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О 
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ө. 
чив = 


ІВЕ 
poc 
PERIPHERAL 
BUS о... == т эм он р = ~ = = = === = ав am ээ бэ = аш. = 
— Чив 
RD DATA FROM џет ЕВОМ 


PERIPHERAL ТО UM82C55A UM82C55A TO PERIPHERAL 
DATA FROM 
UMB82C55A ТО 8080 


5 


Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. (INTR = IBF •МАСК *STB - 
ВО + ОВЕ ‘MASK “АСК · WR) 





WRITE TIMING READ TIMING 
Ag.1CS | Ао CS 
taw— — МА 
DATA BUS RD 
'DW —e4«-'wp 
WR DATA BUS HIGH IMPEDANCE | VALID ! HIGH IMPEDANCE 
tww 
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Pin Description 


Data Bus Buffer 

This 3-state bidirectional 8-bit buffer is used to interface 
the UM82C55A to the system data bus. Data is transmitted 
or received by the buffer upon execution of input or. 
output instructions by the CPU, Control words and status 
information are also transferred through the data bus 
buffer. 


Read/Write and Control Logic 

The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and 
Control buses апа in turn, issues commands to both 
of the Control Groups. 


(cs) 


Chip Select. A "ом" on this input pin enables the 
communication between the UM82C55A and the CPU. 


(RD) | 

Read. А “low” on this input pin enables the UM82C55A 
to send the data or status information to the CPU on the 
data bus. In essence, it allows the CPU to “read from” 
the UM82C55A. 


(WR) 
Write. A “low” on this input pin enables the CPU to write 
data or control words into the UM82C55A. 


(A, and А.) 

Port Select O and Port Select 1. These input signals, in 
conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus (Ag and А, ). 


,UM82C55A BASIC OPERATION 


Ao A; RD WR CS при Operation (Read) 


0 0 1 0 Port A > Data Виз 
1 





Port B > Data Bus 


0 
0 
1 


0 1 0 
0 0 1 0 Port С > Data Bus 
1 0 1 0 





Control Word > Data Bus 





Output Operation (Write) 
Data Bus ^ Port A 
Data Bus Port B 
Data Bus — Port C 








Data Bus > Control 






Disable Function 
Data Bus — 3.State 






Data Bus  3-State 





мо 
бежна) РА7.РАО 





РОМЕН Esas %5У 
SUPPLIES 

————= 990 | сло. = 

А 
жін 1 

|o pem 

A 
1-0) РОВТ С = 1/0 

UPPER |N | 

(4) 


BiI-DIRECTIONAL PC7-PC« 
| 

ОАТА 
07.006 — X "aus. Кл 


BUFFER | 





GROUP 
“о 
PORT С 
= cower aussen РСЗ-РСО 


но 
РВ7-РВО 


INTERNAL 
DATA BUS 






Figure 1. UMB82C55A Block Diagram Data Bus Buffer and 
Read/Write Control Logic Functions 


(Reset) 


_ Reset. A “high” on this input clears the control register 


and all ports (A, B, C) are set to the input mode. "Bus 
hold” devices internal to the UM82C55A will hold the 
МО port inputs to a logic "1' state with a maximum 
hold current of 300 ДА. 


Group A and Group B Controls 

The functional configuration of each port is programmed 
Бу the system software. In essence, the CPU outputs” 
a control word to the UM82C55A. The control word 
contains information such as “mode”, “bit set”, “bit 
reset", etc., that initializes the functional configuration of 
the UM82C55A. 


Each of the Control blocks (Group A and Group B) accepts 
"commands" from the Read/Write Control Logic, receives 
"control words” from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group A— Port A and Port C upper (C7-C4) 
Control! Group B—Port B and Port C lower (C3-CO) 


The control word register can be both written and read 
as shown in the "Basic Operation” table. Figure 4 shows 
the control word format for both Read and Write 
operations. When the control word is read, bit D7 will 
always be a logic 71”, as this implies control word mode 
information. | 


Ports A, Band С 

The UMB82C55A contains three 8-bit ports (A, B, and C). 
All can be configured to a wide variety of functional 
characteristics by the system software but each has its 
own special features or “personality” to further enhance 
the power and flexibility of the UM82C55A. 


Port A One 8-bit data output latch/buffer and one 8-bit 
data input latch. Both “pull-up” and “pull-down” 
bus-hold devices are present on Port A. 
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Ро В One 8-bit data input/output latch/buffer and one 
| 8-bit data input buffer. 





Port C One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input) This port 
can be divided into two 4-bit ports under the 
mode control. Each 4-bit port contains a 4-bit 
latch and it can be used for the control signal 
outputs and status signal inputs in conjunction 
with ports A and B. 










SUPPLIES 


POWER — «5V 
—— GND 


GROUP 
A 
a 


BI-DIRECTIONAL 
DATA BUS 


8-BIT 
INTERNAL 
DATA BUS 


РВ?.РВО 


Figure 2. UM82C55A Block Diagram Showing Group А 
and Group B Control Functions 


Operational Description 


Mode Selection 


There are three basic modes of operation that can be 
selected by the system software: 


Mode 0 — Basic Input/Output 
Mode 1 — Strobed Input/Output 
Mode 2 — Bi-Directional Bus 


When the reset input goes “high”, ай ports will be set to 
the input mode with all 24 port lines held ata logic “опе” 
level by internal bus hold devices. After the reset is 
removed, the UM82C55A can remain in the input mode 
with no additional initialization required. This eliminates 
the need for pullup or pulldown resistors іп all-CMOS 
designs. During the execution of the system program, 
any of the other modes may be selected using a single 
output instruction. This allows a single UM82C55A to 
service a variety of peripheral devices with a simple 
software maintenance routine. 


The modes for Port A and Port B can be separately 
defined, while Port C is divided into two portions as 
required by the Port A and Port В definitions. All of the 
output registers, including the status flip-flops, will be 
reset whenever the mode is changed. Modes may be 
combined so that their functional definition can be 
"tailored" to almost any 1/О structure. For instance: 
Group В сап be programmed in Mode 0 to monitor simple 
switch closings or display computational results, Group A 
could be programmed in Mode 1 to monitor a keyboard ог 
tape reader on an interrupt-driven basis. 
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ADDRESS BUS 


CONTROL BUS 





MODE O 


РВ7-РВО РСЗ-РСО PC1-PC4 РА1-РАО 


MODE 1 





РВ7-РВО CONTROL CONTROL РВ7-РВО 
OR 1/0 OR I/O 


MODE 2 В [oes] A 
о | 48 Га ОГ ВЕСТОМАЦ 


С 
РА?-РАО 1/0 --- РА7-РАО 


CONTROL 


Figure 3. Basic Mode Definitions and Bus Interface 


CONTROL WORD 


кре cd расте, 


GROUP B 


PORT C (LOWER) 
1 = INPUT 
0 = OUTPUT 











PORT В 
1 = МРОТ 
0 = OUTPUT 








MODE SELECTION 
0 = MODE О 
1 = MODE 1 







GROUP A 






PORT C (UPPER) 
1 = МРУТ 
О = OUTPUT 












PORTA 
1 = МРОТ 
О = OUTPUT 








MODE SELECTION 
00 - MODE 0 
01 = MODE 1 
1X - MODE 2 






MODE SET FLAG 


1 = ACTIVE 





Figure 4. Mode Definition Format 
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The mode definitions and possible mode combinations 
may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical !/O 
approach will surface. The design of the UM82C55A has 
taken into account things such as efficient PC board layout, 


CONTROL WORD 


т a 


x Х Х 


зе та 


ООМТ САНЕ 


control signal definition vs PC layout and complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design represents the 
maximum use of the available pins. 


BIT SET/RESET 
1= SET 
О = RESET 


ВИТ SELECT 





BIT SET/RESET FLAG 


О = ACTIVE 





Figure 5. Ви Set/Reset Format 


Single Bit Set/Reset Feature 

Any of the eight bits of Port C can be Set or Reset using 
a single OUT put instruction. This feature reduces software 
requirements in control-based applications. 


When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset 
operation just as if they were data output ports. 


Interrupt Control Functions 

When the ОМВ2СББА is programmed to operate in mode 1 
or mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 
signals, generated from port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using 
the bit set/reset function of port C. 


This function allows the programmer to enable or disable 
а CPU interrupt by a specific 1/О device without affecting 
any other device in the interrupt structure. 


INTE Flip-flop Definition 
(BIT-SET) — INTE is SET — Interrupt enable. 
(BIT-RESET) — INTE is RESET - Interrupt disable. 


Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 


Operating Modes 

Mode O (Basic Input/Output). This functional configura- 
tion provides simple input and output operations for each 
of the three ports. Мо handshaking is required, data is 
simply written to or read from a specific port. 


Mode O Basic Functional Definitions: 


€ Two 8-bit ports and two 4-bit ports 

Any port can be input or output 

Outputs are latched 

Inputs are not latched 

16 different Input/Output configurations possible. 
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. MODE 0 (BASIC INPUT) 


ALT АЕ 
ВО 
INPUT «ИЕ НКИ КІШІК 





Ç 
tap mos CBE К 
Q 
MODE О (BASIC OUTPUT) z 
5 
22 tww Ч 
WR 
— E we 
- ur 





CS, Ат. A0 ane ИКЕ 


Mode 0 Port Definition 


i 





Port C 
| Output — 
3 







Group B 


Port C 
(Lower) 


Output 
Input 
Output 
Input 
Output 
Input 
Output 
Input 
Output 
Input 
Output 
Input 
Output 
Input 
Output 
|^. Input 


Output Output Output | 


Output 


1 Output 
2 


Input 


КЕНДЕ 9. 
F E 
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Mode 0 Configurations 


. CONTROL WORD 70 
07 D6 05 04 023 D2 р1 DO 








PA7-PAO 


РС7-РСА 
07-00 
РСЗ-РСО 





РВ7-РВО 
CONTROL WORD #1 
D7 D6 D5 D4 D3 D2 D1 DO 
"|ојојојојојој v] 
A PA7-PAO 





0М82С55А 
i 


B 





07-00 -«——— —»- 





CONTROL WORD 72 
07 D6 05 D4 03 02 01 DO 


21916166 16 | 


А 
UM82C55A 


Ч 


В 





РА7-РАО 






PC7-PC4 
07-00 
РСЗ-РСО 





РВ7-РВО 





CONTROL WORD #3 
D7 D6 D5 D4 D3 D2 D1 DO 


ШИД Ц НЫ 


А 
UM82C55A 





РА7-РАО 






РС7-РСА 
07-00 
РСЗ-РСО 


РВ7-РВО 


07-00 < 


CONTROL WORD #4 
D7 D6 D5 D4 D3 D2 D1 DO 


191919 816 oro 





А 
UM82C55A 


Л 


B 






PA7-PAO 





PC7-PC4 


PC3-PCO 





РВ 7-РВО 





CONTROL WORD #5 
07 06 D5 04 03 022 01 DO 


fo} of of sf of of т 






PA7-PAO 


PC7-PC4 


PC3-PCO 


РВ7-РВО 


CONTROL WORD #6 
D7 D6 D5 D4 D3 D2 D1 DO 


[о јојо | | |; [ој 





А 
0М82С55А 








CONTROL WORD #7 
07 06 05 04 D3 D2 01 DO 


ПШПШ 
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. CONTROL WORD #8 





07 06 05 04 03 02 01 DO 


210103 018 810) 


А 
UM82C55A 






PA7-PAO 





РС7-РСА 


РСЗ-РСО 


РВ7-РВО 


CONTROL WORD #9 
D7 D6 D5 D4 D3 D2 D1 DO 


ИБИ | аи 


07-00 





CONTROL WORD 710 
07 06 05 04 рз 02 рт DO 


A 
UMB82C55A 


Яг 


В 







D7-DO 





CONTROL WORD 711 
D7 D6 D5 D4 D3 D2 D1 DO 


ши цэ Е 


А 
UMB82C55A 






UM82C55A 





CONTROL WORD #12 


"07 06 05 04 03 02 01 DO 
е 82235027 


А 
UM82C55A 


n 


B 





PA7-PAO 






РС7-РСА 


07-00 
РСЗ-РСО 





РВ7-РВО 





CONTROL WORD #13 
07 06 05 04 03 02 01 DO 


гора БЕШ 






А РА7-РАО 
UM82C55A 
PC7-PC4 
07-00 C 4 
РСЗ-РСО 
РВ7-РВО 


CONTROL WORD #14 
D7 D6 D5 D4 D3 D2 D1 DO 


шиг 1. 





А РА7-РАО 


UM82C55A 





РС7-РС4 


РСЗ-РСО 


РВ7-РВО 


CONTROL WORD #15 
D7 D6 D5 D4 D3 D2 D1 DO 


шит 


РА7-РАО 
РС7-РСА 
РСЗ-РСО 


РВ7-РВО 
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Operating Modes 





Mode 1 (Зїгорей Input/Output). This functional МОРЕ 1 (PORT А) 
configuration provides а means for transferring 1/О data to 
or from a specified port in conjunction with strobes or 
"handshaking" signals. In mode 1, port A and port В 
use the lines on port C to generate or accept these 
"handshaking'' signals. 









CONTROL WORD 
D7 06 D5 04 03 02 01 DO 


| [ој орд 






Mode 1 Basic Functional Definitions 


€ Two Groups (Group A and Group B) 

€ Each group contains one 8-bit port and one 
4-bit control/data port. 

€ The 8-6 ( data port can be either input or output. 
Both inputs and outputs are latched. 

е The 4-bit port is used for control and status of 
the 8-bit port. 


INTR 


мо 
Input Control Signal Definition 


STB (Strobe Input) 
А Лом“ on this input loads data into the input latch. 

: MODE 1 (PORT B) 
IBF (Input Buffer Full F/F) 


A “high” on this output indicates that the data has been 

loaded into the input latch; in essence, an acknowledge- 

ment. IBF is set by STB input being low and is reset by косе 

the rising edge of the RD input.  . CN . D? D6 05 04 03 02 01 DO 


INTR (Interrupt Request) | | ODD PS 


A "high" on this output can be used to interrupt the 

CPU when an input device is requesting Service. INTR 

is set by the condition; STB is a "one", IBF isa "one" 

and INTE is a “one”. И is reset by the falling edge of 

RD. This procedure allows an input device to request | | RD 
service from the CPU by simply strobing its data into 

the port. 


U 


INTE A | 
Controlled by bit set/reset of PC4* Figure 6. MODE 1 Input 


INTE B 
Controlled by bit set/reset of РС, · 


— е О 
STB 
| B 22 
Чив 1 4 
ІВЕ 


| ‘SIT ^ 
INTR ` 
— Текке 


RD МО... / 


РН 


INPUT FROM — 
ER e LEM — 


Figure 7. MODE 1 (Strobed Input) 
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Output Control Signal Definition 


OBF (Output Buffer Full F/F). The OBF output will 
go "low' to indicate that the CPU has written data out 
to the specified port. The OBF F/F will be set by the 
rising edge of the WR input and reset by ACK Input being 
low. 





ACK (Acknowledge Input). А “low” on this input 
informs the UM82C55A that the data from port A or port 
B has been accepted. In essence, a response from the 
peripheral device indicating that it has received the data 
output by the CPU. 


INTR (Interrupt Request). A "high" on this output can 
be used to interrupt the CPU when an output device 
has accepted data transmitted by the CPU. INTR is set 
when ACK is a “опе”, OBF is a “опе” and INTE is a 


ee tt 


опе”. It is reset by the falling edge of WR. 


INTE A 


Controlled by Bit Set/Reset of РС, · 


INTE B 


Controlled by Bit Set/Reset of РС, 


ACK 


OUTPUT 


MODE 1 (PORT A) 










PA7-PAO 
CONTROL WORD 


D7 D6 D5 D4 D3 D2 D1 DO 
28 8 ХХ 


РС4,5 
1 = INPUT 
О = OUTPUT 










PC Mainboard 


CONTROL WORD 
D? D6 D5 D4 D3 D2 D1 DO 


ХОЧ 


Figure 8. MODE 1 Output 





LEE 2 


Figure 9. MODE 1 (Strobed Output) 
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Combinations of MODE 1; Port А and|Port В сап be individually defined as input or output in Mode 1 to support a wide 


variety of strobed 1/О applications: 







RD 


A 
CONTROL WORD | 
IBF A 
D7 D6 D5 D4 D3 D2 D1 DO 
INTR 


PORT A — (STROBED INPUT) 
PORT B — (STROBED OUTPUT) 


WR 


CONTROL WORD 







D7 D6 D5 D4 D3 D2 D1 DO 


по роми f: X 


PC4, 5. 
1 = МРОТ 

-0 = OUTPUT 
ВО е 








PORT B — (STROBED INPUT) 
PORT A — (STROBED OUTPUT) 


Figure 10. Combinations of MODE 1 


Operating Modes 


MODE 2 (Strobed Bidirectional Bus 1/O) 

The functional configuration provides a means for 
communicating with a peripheral device or structure on a 
single 8-bit bus for both transmitting and receiving data 
(bidirectional bus 1/0). “Напавпакїта” signals are provided 
to maintain proper bus flow discipline similar to MODE 1. 
Interrupt generation and enable/disable functions are also 
available. 


MODE 2 Basic Function Definitions: 

€ Usedin Group A only. _ 

€ One 8-bit, bi-directional bus Port (Port A) агаа 
5-bit control Port (Port C). 

Ф Both inputs and outputs are latched. 

€ The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port 
(Port A). 


Bidirectional Bus 1/О Control Signal Definition 

INTR (Interrupt Request). A high on this output can be 
used to interrupt the CPU for both input or output 
operations. 





Output Operations 
ОВЕ (Output Buffer Full). The ОВЕ output will go "Том" 
to indicate that the CPU has written data out to port A. 


АСК (Acknowledge). A “Low” on this input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high impedance 
state. 


INTE 1 (The INTE Flip-Flop Associated with ОВЕ). 
Controlled by bit set/reset of РСс: 


Input Operations 
STB (Strobe Input). A “low” on this input loads data into 
the input latch. 


(ВЕ (Input Buffer Full F/F). A “high” on this output 
indicates that data has been loaded into the input latch. 


INTE 2 (The INTE Flip-Flop Associated with IBF). 
Controlled by bit set/reset of РСА · 
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CONTROL WORD 
07 D6 D5 04 03 02 01 
INTRA 
ШК БО 
ОВРА 
АСК, 
PC2-OC , 4 
1 = МРОТ 
О = OUTPUT 
STBA 
PORT B 
1 = INPUT IBF 
0 = OUTPUT А 
ОНООРВ МОРЕ I/O 
0 = MODE 0 
1= MODE 1 
Figure 11. MODE Control Word Figure 12. MODE 2 
DATA FROM 


CPU TO UM82C55A 


OBF 


INTR 





STB 
IBF 
PERIPHERAL 
| BUS 
RD DATA FROM DATA FROM 
PERIPHERAL TO UM82C55A UM82C55A TO PERIPHERAL 
| DATA FROM 
UM82C55A TO CPU 


Figure 13. MODE 2 (Bidirectional) 


Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. (ІМТА = IBF - MASK . 
STB -RD+OBF . MASK . АСК. WR) 
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MODE 2 AND MODE 0 (INPUT) 


CONTROL WORD 















D7 06 D5 04 03 D2 01 DO 





| ПЕТ св | — АСКА 
Т F] et — 2 
РС2-РСО 
1 = МРОТ Ыя IBF А 
0 = OUTPUT 
- РС2-0 1/0 


PB7-PBO 
WR 


MODE 2 AND MODE 1 (OUTPUT) 


INTRA 


CONTROL WORD 
07 D6 05 D4 D3 D2 01 DO 


СОКА 


ОВЕ д 
PC6 |w— АСКА 


0М82С5БА”С4 ----: STBA 


PC5 IBF A 
m PCi ОВЕд 
RD PC2 АСКд 
— PCO 
WR INTRg 








MODE 2 AND MODE 0 (OUTPUT) 









A 
CONTROL WORD 
D7 D6 D5 D4 D3 D2 D1 DO UA 
АСКА 
TBA 
1C INPUT IBF A 
0 = OUTPUT нд 


RD 


WR 


MODE 2 AND MODE 1 (INPUT) 


CONTROL WORD 
07 06 05 04 03 02 01 DO 


И КК LX 


RD 


WR 


MODE 0 
OR MODE 1 
ONLY 
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Special Mode Combination Considerations: 

There are several combinations of modes possible. For 
any combination, some or all of Port C lines are used for 
control or status. The remaining bits are either inputs or 
outputs as defined by a "Set Mode” command. 





During a read of Port C, the state of all the Port C lines 
except the ACK and STB lines, will be placed on the 
data bus. In place of the АСК and STB line states, flag 
status will appear on the data bus in the РС2, РСА, and 
PC6 bit positions as illustrated by Figure 17. 





Through a “Write Port C" command, only the Port C 
pins programmed as outputs in a Mode 0 group can be 
written. No other pins can be affected by a "Write Port 
C" command, nor can the interrupt enable flags be 
accessed. То write to any Port C output programmed 
as an output in a Mode 1 group or to change an interrupt 
enable flag, the "'Set/Reset Port C ВИ” command must 
be used. 


With a "Set/Reset Port C Bit" command, any Port C 
line programmed as an output (including INTR, IBF and 
OBF) can be written, or an interrupt enable flag can be 
either set or reset. Port C lines programmed as inputs, 
including ACK and STB lines, associated with Port C are 
not affected by a "Set/Reset Port C ВН“ command. 
Writing to the corresponding Port C bit positions of the 








АСК and STB lines with the "Set/Reset Port C Bit" 
command will affect the Group A and Group B interrupt 
enable flags, as illustrated in Figure 17. 












Interrupt Enable Flag 







NNNM MEC INC 





mak. 
Lom ДО ПЕ ОИ 
C6 
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INPUT CONFIGURATION 


07 06 D 04 03 D D ро 
IBF, ИМТЕДИМТАДИУТЕВ  1ВЕд [твр 


GROUP А GROUPB 










OUTPUT CONFIGURATION 
D7 D6 D5 04 03 02 D1 DO 


GROUP A GROUP В 





Figure 15. MODE 1 Status Word Format 


07 06 D 04 D3 02 
OBFA |INTE, | IBFA |МТЕ2 МІН 


GROUP A GROUP В 





(DEFINED BY MODE 0 OR MODE 1 SELECTION) 


Figure 16. MODE 2 Status Word Format 


—— 


АСКА (Output Mode 1 ог Mode 2) 





Figure 17. Interrupt Enable Flags in Modes 1 and 2 


Current Drive Capability: 

Any output on Port A, B or C can sink or source 2.5mA. 
This feature allows the UM82C55A to directly drive 
Darlington type drivers and high-voltage displays that 
require such sink or source current. 


Reading Port C Status 
In Mode O, Port.C transfers data to or from the peripheral 
device. When the UM82C55<A is programmed to function 
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in Modes 1 or 2, Port C generates or accepts "ћапа-зћак ла“ 


° signals with the peripheral device. Reading the contents of 


Port C allows that programmer to test or verify the "'status'' 
of each peripheral device and change the program flow 
accordingly. 


There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 
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Applications of the UM82C55A 


The UM82C55A is a very powerful tool for interfacing 
peripheral equipment to the microcomputer system. 
It represents the optimum use of available pins and is 
flexible enough to interface almost any 1/О device without 
the need for additional external logic. 


Each peripheral device in a microcomputer system usually 
has a "service routine” associated with it. Тһе routine 
manages the software interface between the device and the 
CPU. Тһе functional definition of the UM82C55A is 
programmed by the 1/О service routine and becomes an 
extension of the system software. By examining the 1/О 
. devices interface characteristics for both data transfer and 
timing, and matching this information to the examples and 
tables in the detailed operational description, a control 
word can easily be developed to initialize the UMB2C55A 
to exactly “fit” the application. Figures 18 through 24 


present a few examples of typical applications of the 
UMS82C55A. 
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Figure 19. Keyboard and Display Interface 
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Figure 18. Printer Interface 
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Figure 20. Keyboard and Terminal Address Interface 
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Figure 21. Digital to Analog, Analog to Digital 
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. Figure 23. Basic Floppy Disk Interface 
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Figure 22. Basic CRT Controller Interface 
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Figure 24. Machine Tool Controller Interface 
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_ CMOS Programmable 
JA interrupt Controller 





Features 


Pin compatible with NMOS 8259A-2 
Eight-level priority controller 
| Expandable to 64 levels 
Programmable interrupt modes 
Low standby current — 10 uA 
Individual request mask capability 


General Description 


The UMS82C59A-2 is a high performance CMOS ver- 
sion of the NMOS Priority Interrupt Controller. The 
UM82C59A-2 is designed to relieve the system CPU from 
the task of polling in a multi-level priority interrupt 
system. The high speed and industry standard configura- 
tion of the UM82C59A-2, make it compatible with micro- 
processors such as the 80C86/88, 8086/88 and 8080/85. 

The UM82C59A-2 can handle up to 8 vectored priority 


Pin Configurations 





с-увбосвип 





= 80C86/88 апа 8080/85/86/88 compatible 
в Fully static design 
m Single БУ power supply 


m Available in 28-lead plastic DIP and 28-lead PLCC 
‚ packages 


interrupts for the CPU and is cascadable to 64 without 
additional circuitry. It is designed to minimize the 
software and real time overhead in handling multi-level 
priority interrupts. Two modes of operation make the 
UM82C59A-2 optimal for a variety of system requirements. 
Static CMOS circuit design, requiring no clock input, 
insures low operating power. 


Block Diagram 
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Absolute Maximum Ratings* 


Ambient Temperature Under Bias ........ 0°С to 70°C 
Storage Temperature............. 65°С to + 150°C 
Supply Voltage (w.r.t. ground) ......... -0.5 to 7.0V 
Input Voltage (w.r.t. ground) ...... -0.5 to Усс + 0.5V 
Output Voltage (w.r.t. ground) ..... —0.5 to Усс + 0.5V 
Power Dissipation ..................... 0.9 Ман 


*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 


‚ this device at these or any other conditions above those 
indicated in the operational sections of this specification 


is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 


| liability. 


DC Electrical Characteristics (T, = O^C to 70°C, Усс = 5V + 10%) 


Note: Repeated data input with 80С86-2 timings. 


Capacitance (T, = 25°С; Усс = GND = OV) 





МО Capacitance 
Output Capacitance 












ЕЛЕС БЕНЕН 
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TIMING REQUIREMENTS | 


с 
— 
зони 
——— 
е 


Cascade Setup to Second ог Third 

INTA (Slave Only) 

End of RD to next RD; 

End of INTA to next INTA within 
an ІМТА sequence only 


_ End of WR to next WR | 190 


End of Command to next Command 
(Not same command type) : 
End of INTA sequence to 
next INTA sequence 


*Worst case з Тог TcHCL іп an actual microprocessor system is typically much greater than 400 ns (i.e. 8085A = 1,6и5, 8085А-2 = 1и5, 
80С86 = 1џ5). 
Note: This is the low time required to clear the input latch іп the edge triggered mode. 





TIMING RESPONSES 


YT 
Data Valid from RD/INTA 

Data Float after RD/INTA 10 
° Interrupt Output Delay 


Min _ | wt 
== [om 
HEC SE BN 
_____| 3 | m | 

ме | рели ее 
NEN omo 
шог [om _ 
2-2 ЖСН 
NK 














Cascade Valid to Valid Data 


. AC Test Circuits 5 | AC Testing Input, Output Waveform 


V1 
| R1 | 
ME TEST POINT INPUT OUTPUT 
DEVICE UNDER TEST МІН + 0.4У 2.4У 
82 Т С1* 
*includes Stray and = = 
Jig Capacitance VIL - 0.4V 0.45V 


muore [vw | m |м 9. 
езу [ien | така (зэс 


Test Condition Definition Table 





1 
1 














АС Testing: АП input signals must switch between Vit = 04V 
and Мүң + 0.4V. Tg and Tp must be less than or 
equal to 15 ns. 
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CS 
ADDRESS BUS 
Ао 


DATA BUS 


READ/INTA 


TRHEH 


= TRHAX 
С5 


экз Жү. |, 
Ар 


TRLDV — TRHDZ 
TAHDV 
DATA ВОЅ >= == = = = = = = = = = = = = = = = wu > 


TIMING 


TCHCL ——= 


INTA SEQUENCE 


ОВ = = === = Úm = ав = = = 


TVCIAL — TCVIAL 


АБЫЛ A А 


TIALCV 


NOTES: 
Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in 80C86 and 80C88 systems, the Data Bus is not active. 
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CHIP SELECT: A low on this pin enables RD and WR communication between the 
CPU and the UM82C59A-2. INTA functions are independent of CS. 


WRITE: A low on this pin when CS is low enables the UM82C59A-2 to accept 
command words from the CPU. 


READ: A low on this pin when CS is low enables the UM82C59A-2 to release status 
onto the data bus for the CPU. 


BIDIRECTIONAL DATA BUS: 
is transferred via this bus. 


CASCADE LINES: The CAS lines form a private UM82C59A-2 bus to control a 
12, 13, 15 |CASO-CAS2 multiple UM82C59A-2 structure. These pins are outputs for a master UM82C59A-2 
| and inputs for а slave UM82C59A-2. 


Control, status and interrupt-vector information 


SLAVE PROGRAM/ENABLE BUFFER: This is а dual function pin. When in the 
Buffered Mode it can be used as an output to control buffer transceivers (EN). When 
not in the buffered mode it is used as an input to designate a master (SP - 1) or slave 
(SP - 0). 


16 SP/EN I/O 


17 INT INTERRUPT: This pin goes high whenever а valid interrupt request is asserted. It 
is used to interrupt the CPU, thus it is connected to the CPU’s interrupt pin. 
INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request is executed 
18-25 180-187 by raising an ІН input (low to high), and holding it high until it is acknowledged 
(Edge Triggered Mode), or just by ahigh level on an ІН input (Level Triggered Mode). 
Internal pull-up resistors are implemented on ІНО-7. 
INTERRUPT ACKNOWLEDGE: This pin is used to enable UM82C59A-2 interrupt 
26 INTA | vector data onto the data bus by a sequence of interrupt acknowledge pulses issued 
by the CPU. 
Ag" ADDRESS LINE: This pin acts in conjunction with the CS, WR, and RD pins. 
27 A It is used by the 82C59A-2 to decipher various Command Words the CPU writes 
0 : | | 
апа status the CPU wishes to read. It is typically connected to the CPU Аб address 
line (A, for 80C86, 80C88). 








Functional Description 


Interrupts in Microcomputer Systems 


Microcomputer system design requires that 1/О devices 
such as keyboards, displays, sensors and other components 
receive servicing in an efficient manner so that large 
amounts of the total system tasks can be assumed by the 
microcomputer with little or no effect on throughput. 


The most common method of servicing such devices is the 
Polled approach. This is where the processor must test 
each device in sequence and in effect “ask” each one if 
it needs servicing. lt is easy to see that a large portion of 
the main program is looping through this continuous 
polling cycle and that such a method would have a serious, 
detrimental effect on system throughput, thus limiting 
the tasks that could be assumed by the microcomputer 
and reducing the cost effectiveness of using such devices. 
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A more desirable method would be one that would allow 
the microprocessor to be executing its main program and 
only stop to service peripheral devices when it is told to 
do so by the device itself. In effect, the method would 
provide an external asynchronous input that would inform 
the processor that it should complete whatever instruction 
that is currently being executed and fetch a new routine 
that will service the requesting device. Once this servicing 
is complete, however, the processor would resume exactly 
where it left off. 


This method is called interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) functions 
as ап омега! manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains whether 
the incoming request has a higher priority value than the 
level currently being serviced, and issues an interrupt 
to the CPU based on this,determination. 


Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or operational requirements; this is referred 
io as a "service routine". Тһе PIC, after issuing an 
interrupt to the CPU, must somehow input information 
into the CPU that can “point” the Program Counter to 
the service routine associated with the requesting device. 
This “pointer” is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data. 


The UM82C59A-2 


The UM82C59A-2 is a device specifically designed for 
use in real time, interrupt driven microcomputer systems. 
It manages eight levels or requests and has built-in features 


for expandability to other UM82C59A-2’s (up to 64 levels). _ 


It is programmed by system's software as an 1/О peripheral. 
A selection of priority modes is available to the pro- 
grammer so that the manner in which the requests are 
processed by the UM82C59A-2 can be configured to 
match system requirements. The priority modes can 
be changed or reconfigured dynamically at any time during 
the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 


Interrupt Request Register (IRR) and 
In-Service Register (ISR) 


The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register (IRR) 


and the In-Service Register (ISR). The IRR is used to 
store а the interrupt levels which are requesting service, 
and the ISR is used to store all the interrupt levels which 
are currently being serviced. 


Figure b. interrupt Method 


Priority Resolver 


This logic block determines the priorities of the bits set 
in the [RR. The highest priority is selected and strobed 
into the corresponding bit of the ISR during ІМТА 
sequence. 


Interrupt Mask Register (IMR) 


The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking 
of a higher priority input will not affect the interrupt 
request lines of lower priority. 
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INT (Interrupt) 


This output goes directly to the CPU interrupt input. 
The Уон level on this line is designed to be fully com- 
patible with the 8080A, 8085A, 80C88 and 80C86 input 
levels. 


INTA (Interrupt Acknowledge) 


INTA pulses will cause the UM82C59A-2 to release vector- 
ing information onto the data bus. The format of this data 
depends on the system mode (ИРМ) of the UM82C59A-2. 


Data Bus Buffer 


This 3-state, bidirectional 8-bit buffer is used to interface 
the UM82C59A-2 to the system Data Bus. Control words 
and status information are transferred inrougn. the Data 
Bus Buffer. 


Read/Write Control Logic 


The function of this block is to accept Output commands 
from the CPU. |t contains the Initialization Command 
Word (ICW) registers and Operation Command Word 
(OCW) registers which store the various control formats 
for device operation. This function block also allows 
the status of the UM82C59A-2 to be transferred onto 
the Data Bus. 


CS (Chip Select) 
A LOW on this input enables the UM82C59A-2. Мо 


DATA CONTROL LOGIC 


IN БТ NTERRUPT 
SERVICE PRIORITY < raq 


BUS 
BUFFER 





REG И] Евокуса 
ISR ORA) 


come INTERRUPT Mask ШЕИ 
CASCADE 


BUFFER/ 
COMPARATOR 


INTERNAL BUS 


Figure 4. UM82C59A-2 Block Diagram 


reading or writing of the device will occur unless the 
device is selected. 


WR (Write) 


A LOW on this input enables the CPU to write control 
words (1CWs апа OCWs) to the UM82C59A-2. 


RD (Read) 
A LOW on this input enables the UM82C59A-2 to send the 
status of the Interrupt Request Register (IRR). “n 


Service Register (ISR), the Interrupt Mask Register 
(IMR), or the interrupt level (in the poll mode) onto the 
Data Bus. 


Ao 


This input signal is used in conjunction with WR and 
RD signals to write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line сап be tied directly to one of the 
address lines. 


The Cascade Buffer/Comparator 


This function block stores and compares the 105 of all 
0М82С59А-2% used in the system. The associated three 
/О pins (CASO-2) are outputs when the UM82C59A-2 
is used as a master and are inputs when the UM82C59A-2 
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CONTROL BUS 


| [=F 


DATA BUS (8) 
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‘INES UM82C59A-2 


CAS2 яа IRQ IRQ IRQ IRQ ва IRQ IRQ 
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Figure 5. UM82C59A-2 Interface to Standard System Bus 
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is used as a slave. As a master, the UM82C59A-2 sends 
the ID of the interrupting slave device onto the CASO-2 
lines. The slave thus selected will send its preprogrammed 
subroutine address onto the Data Bus during the next 
one ог two consecutive INTA pulses. (See section 
"Cascading the UM82C59A-2''.) 


Interrupt Sequence 


The powerful features of the UM82C59A-2 in a micro- 
computer system are its programmability and the interrupt 
routine addressing capability. Тһе latter allows direct 
or indirect jumping to the specified interrupt routine 
requested without any polling of the interrupting devices. 
The normal sequence of events during an interrupt depends 
on the type of CPU being used. 


The events occur as follows in an MCS-80/85 system: 

1. One or more of the INTERRUPT REQUEST lines 
(187-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The UM82C59A-2 evaluates these requests, and sends 
an INT to the CPU, if appropriate. 


3. The CPU acknowledges the INT and responds with 
an INTA pulse. 

4. Upon receiving ап INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The UM82C59A-2 will also release 
a CALL instruction code (11001101) onto the 8-bit 
data bus through Do-D; pins. 

9. This CALL instruction will initiate two тоге 
INTA pulses to be sent to the UM82C59A-2 from 
the CPU group. 

6. These two INTA pulses allow the UM82C59A-2 to 
release its preprogrammed subroutine address onto 
the Data Bus. The lower 8-bit address is released. at 
the first INTA pulse and the higher 8-bit address is 
released at the second [М ТА pulse. 

7. This completes the 3-byte CALL instruction released 
by the UM82C59A-2. In те АЕО! mode, the 158 
bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appropriate 
EOI command is issued at the end of the interrupt 
sequence. 


The events occurring іп ап 80C86 system are the same 

until step 4. 

4. Upon receiving ап ІМТА from the CPU group, the 
highest priority ISR bit is set and the corresponding 
IRR bit is reset. The ОМ82059А-2 does not drive 
the data bus during this cycle. 

5. The 80С86 will initiate a second INTA pulse. During 
this pulse, the UM82C59A-2 releases ап 8-bit pointer 
onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the АЕО! mode, 


the ISR bit is reset at the end of the second INTA 
pulse. Otherwise, the 158 bit remains set until an 
appropriate ЕО! command is issued at the end of the 
interrupt subroutine. 


If no interrupt is present at step 4 of either sequence 
(i.e. the request was too short in duration), the 
UM82C59A-2 will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines wil! look like ап 
interrupt level 7 was requested. 


Interrupt Sequence Outputs 
McsÓ.80, MCS-85 


This sequence is timed by three INTA pulses. During 
the first INTA pulse, the CALL. opcode is enabled onto 
the data bus. | 


Content of First Interrupt Vector Byte 


07 06 D5 04 23 D2 D! DO 
CALL CODE 1 ] 0 0 1 1 0 1 


During the second ІМТА pulse, the lower address of the 
appropriate service routine is enabled onto the Data Bus. 
When interval - 4 bits, As-A4 are programmed, while 
Ag-A4 are automatically inserted by the UM82C59A-2. 
When interval = 8, only Ад and Ал are programmed, 
while Ag-As are automatically inserted. 


Content of Second Interrupt Vector Byte 
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07 06 DS 04 D3 
А? А6 А5 
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During the third INTA pulse, the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (А; -А;5), is enabled 
onto the bus. 


Content of Third Interrupt Vector Byte 


D7 D6 D5 D4 D3 D2 D1 DO 


80C86, 80C88 





80C86, 80C88 mode is similar to MCS-80 mode except 
that only two interrupt Acknowledge cycles are issued 
by the processor and no CALL opcode is sent to the 
processor. The first interrupt acknowledge cycle is similar 
to that of MCS-80,85 systems in that the UM82C59A-2 
‘uses it to internally freeze the state of the interrupts for 
priority resolution and as a master it issues the interrupt 
code on the cascade lines at the end of the INTA pulse. 
On this first cycle, it does not issue any data to the 
processor and leaves its Data Bus buffers disabled. Оп 
the second interrupt acknowledge cycle in 80C86, 80C88 
mode, the master (or slave if so programmed) will send 
a byte of data to the processor with the acknowledged 
interrupt code composed as follows (note the state of 
the ADI mode control is ignored and А-А) are unused 
in 80C86, 80C88 mode.): 


Content of Interrupt Vector Byte for 
80С86, 80C88 System Mode 





Programming the UM82C59A-2 


The UM82C59A-2 accepts two types of command words 
generated by the CPU: 


1. Initialization Command Words (ICWs): Before normal 
operation can begin, each UM82C59A-2 in the system 
must be brought to a starting point — by a sequence 
of 2 to 4 bytes timed by WR pulses. 


2. Operation Command Words (OCWs): These are the 


command words which command the UM82C59A-2 
to operate in various interrupt modes. These modes 
are: 

a. Fully nested mode 

b. Rotating priority mode 


C. Special mask mode 
d. Polled mode 


The OCWs сап be written into the UM82C59A-2 anytime 
after initialization. 


Initialization Command Words (ICWS) 
General 


Whenever a command is issued with Аб = О and D, = 1, 
this is interpreted as initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
which the following automatically occur. 


a. [he edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) input 
must make a low-to-high transition to generate an 
interrupt. 

. The Interrupt Mask Register is cleared. 

. 187 input is assigned priority 7. 

. Тһе slave mode address is set to 7. 

. Special Mask Mode is cleared and Status Read is set to 
IRR. | 

f. If IC4 = О, then all functions selected in ICW4 are set 
to zero. (Non-Buffered mode*, no Ащо-ЕО!, МС5- 80, 
85 system). 


oo Oo C 


*NOTE: Master/Slave in ICWA4 is only used іп the buffered 
mode. | 
Initialization Command Words 1 and 2 (ICW1, ICW2) 


А-А: Page starting address of service routines. In ап 


_ |MCS-80,85system, the 8 request levels will generate CALLS 


to 8 locations equally spaced in memory. These can be 
programmed to be spaced at intervals of 4 or 8 memory 
locations, thus the 8 routines will occupy a page of 32 
or 64 bytes, respectively. 


The address format is 2 bytes long (Ag-A,5). When the 
routine interval is 4, Ag-A«4 are automatically inserted by 
the UM82C59A-2, while А-А, are programmed exter- 
nally. When the routine interval is 8, Ag-As are automa- 
tically inserted by the UM82C59A-2 while А-А}; are 
programmed externally. 


The 8-byte interval will maintain compatibility with current. 
software, while the 4-byte interval is best for a compact 
jump table. 
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In ап 80C86, 80C88 system, A,5-A,, are inserted in the 
five most significant bits of the vectoring byte and the 


Ад Dy р, Ds D4 D3 02 D, Do 
UM82C59A-2 sets the three least significant bits according завесы 
LTIM SNGL | IC4 

to the interrupt level. А-А; are ignored and ADI Б : 


(Address interval) has no effect. 


ІСУУ1 


1 ІСУ/4 NEEDEO 
0 = NO ICW4 NEEDED 


LTIM: If LTIM = 1, then the UM82C59A-2 will operate 0: CASCADE MODE 
in the level interrupt mode. Edge detect logic on 
the interrupt inputs will be disabled. CALL-ADDRESS INTERVAL 


1 = INTERVAL OF 4 
0 = INTERVAL OF 8 


ADI: CALL address interval. ADI = 1 then interval = 4; 


i 5 | o 
ADI = 0 then interval = 8. = 
; 9 
Ё 
| one 
SNGL: Single. Means that this is the only UM82C59A-2 Ars OF INTERRUPT Е 
in the system, М SNGL = 1, по ICW3 will be (MCS-80/85 MODE ONLY) y 
, юм2 ` е 
issued. 





Ар О, 6 Ds (4 D О, О, Do 
Ais Ам Any |^127 An 
ICA: If this bit is set — ICW4 has to be issued. If ICW4 ШшғАИФИИЕВ 
is not needed, set 104 = 0. ШЕШ 













А15-Ав OF INTERRUPT 
VECTOR ADDRESS 
(MCS80/85 MODE) 

























a T4-T3 OF INTERRUPT 
ICW3 (MASTER DEVICE) VECTOR ADDRESS 
(8086/8088 MODE) 
ICW1 
1 = IR INPUT has А SLAVE 
ІСУУ2 0 = IR INPUT DOES МОТ HAVE 
A SLAVE 
NO (SNGL = 1) IN 
CASCADE 
MODE 
YES (SNGL = 0) 
ICW3 
ІСУУ4 
Ар От De Ds м D D Пі Do 
| | | о | о | Ене | из peo on 
1 = 8086/8088 МОРЕ | 
0 = MCS-80/85 MODE | 
NO (ICA = 0) 
1 AUTO ЕО! 
| 0 5 NORMAL ЕО! 
ES (1С4 = 1) 
| Го | X ]-NON BUFFEREO MODE 
| ІСУУД | ! | o |-BUFFERED MODE/SLAVE 
: [1 [1 ]J-BUFFERED MODE/MASTER 
1 = SPECIAL FULLY NESTEO 
MODE 
0 = NOT SPECIAL FULLY 
NESTED MODE 
READY TO ACCEPT | 
INTERRUPT REQUESTS | 
NOTE: Slave ID is equal to the corresponding master IR input i 


Figure 6. initialization Sequence Figure 7. Initialization Command Word Format 
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Initialization Command Word 3 (ICW3) 


This word is read only when there is more than one 
UM82C59A-2 in the system and cascading is used, in 
which case SNGL “0. It will load the 8-bit slave register. 
The functions of this register are: 


а. іп the master mode (either when SP = 1, or in buffered 
mode when M/S = 1 in ICW4), a 417 is set for each 


slave in the system. Тһе master then will release byte 
1 of the call sequence (for MCS80/85 system) and will 
enable the corresponding slave to release bytes 2 and 
3 (for 80C86, 80C88 only byte 2) through the cascade 
lines. 


b. In the slave mode (either when SP = 0, or if BUF = 1 
and M/S = O in ICW4), bits 2-0 identify the slave. 
The slave compares its cascade input with these bits 
and if they are equal, bytes 2 and 3 of the call 
sequence (or just byte 2 for 80C86, 80C88) are released 
by it on the Data Bus. | 


Initialization Command Word 4 (ICW4) 


SFNM: If SFNM = 1, the special fully nested mode 
is programmed. 

BUF: If BUF = 1, the buffered mode is programmed. 
In buffered mode, SP/EN becomes an enable 
output and the master/slave determination 
is by M/S. 

M/S: If buffered mode is selected: M/S = 1 means 
the UM82C59A-2 is programmed to be a 
master, M/S = 0 means the UM82C59A-2 
is programmed to be a slave. If BUF = 0, 
M/S has no function. 

АЕО!: If АЕО! = 1, the automatic end of interrupt 
mode is programmed. 

ИРМ: Microprocessor mode: ИРМ = 0 sets the 


UM82C59A-2 for MCS-80,85 system operation, 
ШРМ = 1 sets the UM82C59A-2 for 80C86 
system operation. 
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Operation Command Words (ОСМ 5) 


After the initialization Command Words (ICWs) are 
programmed into the UM82C59A-2, the device is ready 
to accept interrupt requests at its input lines. However, 
during the UM82C59A-2 operation, a selection of 
algorithms can command the UM82C59A-2 to operate 
іп various modes through the Operation control Words 
(ОСУМ). 


Operation Control Words (OCWs) 


Ад 07 D6 05 04 D D 01 DO 


OCW1 

M7 М6 М5 МА МЗ M2 М1 МО 
OCW2 

П В SL ЕО! 0 0 (2 L1 LO 
OCW3 


О ESMM SMM 0 1 P RR RIS 


Operation Control Word 1 (OCW1) 


OCWI sets and clears the mask bits in the interrupt Mask 
Register (IMR).  M4-M, represent the eight mask bits. 
M = 1 indicates the channel is masked (inhibited), M = O 
indicates the channel is enabled. 


Operation Control Word 2 (OCW2) 


В, SL, EDI — These three bits contro! the Rotate and 
End of Interrupt modes and combinations of the two. 
A chart of these combinations can be found on the 
Operation Command Word Format. 


La, Ly, Lo = These bits determine the interrupt level 
acted upon when the SL bit is active. 

















£ SE i F 
амны | UM82C59A-2 





ОСУУ1 








INTERRUPT MASK 
} = MASK SET 
0 = MASK RESET 






IR LEVEL TO BE 
ACTED UPON 


© 
ь. 
x 
° 
5 
E 
T 
2 
U 
с. 





МОМ-5РЕСЇЕЧС ЕО! СОММАМО 

SPECIFIC ЕО! COMMAND 

НОТАТЕ ON NON-SPECIFIC ЕО! COMMAND 
ROTATE IN AUTOMATIC ЕО! MODE (SET) AUTOMATIC ROTATION 
ROTATE IN AUTOMATIC EOI MODE (CLEAR) 
*ROTATE ON SPECIFIC ЕО! COMMAND 

*SET PRIORITY COMMAND 
· NO OPERATION 


END OF INTERRUPT 


SPECIFIC ROTATION 


“10-12 ARE USED 





осиз 


^o О D Ds 04 03 0; D б 





READ REGISTER COMMAND 


МЕЗЕ НК 
МО АСТІОМ 


1 = POLL COMMAND 
0 = NO POLL COMMAND 







RD PULSE | RD PULSE 











SPECIAL MASK MODE 


NO ACTION 


Figure 8. Operation Command Word Format 















SPECIAL 
MASK 


SPECIAL 
MASK 
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Operation Control Word 3 (OCW3) 


ESMM - Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = 0, the SMM bit becomes 
a "don't саге". 


SMM — Special Mask Mode. |f ESMM = 1 and SMM = 1, 
the UM82C59A-2 will enter Special Mask Mode. If 
ESMM = 1 and SMM = 0, те UM82C59A-2 will revert 
to normal mask mode. When ESMM - 0, SMM has по 
effect. 


Fully Nested Mode 


This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are ordered 
in priority from 0 through 7 (0 highest). When an 
interrupt is acknowledged the highest priority request 
is determined and its vector placed on the bus. Addi- 
tionally, a bit of the Interrupt Service register (ISO-7) 
` is set. This bit remains set until the microprocessor issues 
an End of Interrupt (EOI) command immediately before 
returning from the service routine, or if АЕО! (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts 
of the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be acknow- 
ledged only if the microprocessor interna! interrupt enable 
flip-flop has been re-enabled through software). 


After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, 
‚ аз will be explained, in the rotating priority mode. 


End Of Interrupt (ЕО!) 


The In Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence INTA 
pulse (when АЕО! bit in |CW4 is set) ог by a command 
word that must be issued to the UM82C59A-2 before 
returning from a service routine (EO! command). Ап 
ЕО! command must be issued twice if in the Cascade mode, 
once for the master and once for the corresponding slave. 


There are two forms of EO! command: Specific and 
Non-Specific. When the UM82C59A-2 is operated in 
modes which preserve the fully nested structure, it can 
determine which IS bit to reset on EOI. When а Non- 
Specific EOI command is issued the UM82C59A-2 will 
automatically reset the highest IS bit of those that are 


set, since in the fully nested mode the highest 15 level 
was necessarily the last level acknowledged and serviced. 
A non-specific ЕО! can be issued with OCW2 (EOI = 1, 
SL #0, В = 0). 


When a mode is used which тау disturb the fully nested 
structure, the UM82C59A-2 may no longer be able to 
determine the last level acknowledged. In this case a 
Specific End of Interrupt must be issued which includes 
as part of the command the 15 level to be reset. А 
specific ЕО! сап be issued with OCW2 (EOI = 1, SL = 1, 
В = 0, and 10-12 is the binary level of the 15 bit to be 
reset). | 


It should be noted that an 15 bit that is masked by ап 
IMR bit will not be cleared by a non-specific EOI if the 
UM82C59A-2 is in the Special Mask Mode. 


Automatic End of Interrupt (АЕО!) Mode 


If AEOI = 1 in ICW4, then the UM82C59A-2 will operate 
іп АЕО! mode continuously until reprogrammed by | СУМА. 
In this mode the UM82C59A-2 will automatically perform 
a non-specific ЕО! operation at the trailing edge of the 
last interrupt acknowledge pulse (third pulse in MCS-80/85, 
second in 80C86/88). Note that from a system standpoint, 
this mode should be used only when a nested multi-level 
interrupt structure is not required within а single 
УМ82059А-2. 


Automatic Rotation (Equal Priority Devices) 


іп some applications there are a number of interrupting 
devices of equal priority. іп this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to май, in the worst 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and “in service" 
status is: 


Before Rotate (IR4 the highest priority requiring service) 


157 156 155 154 153 152 151 ISO 


шин CORNEA ДЦС ие 


PRIORITY 
STATUS 





highest 


priority priority 
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After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 


157 |56 |56 154 153 152 151 IS 


жәна 00009050 


PRIORITY 
STATUS 





highest 
priority 


priority 


There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific ЕО! Command 
(R = 1, SL = 0, EOI = 1) and the Rotate in Automatic 
ЕО! Mode which is set by (В = 1, SL = 0, ЕО! = 0) and 
cleared by (В = 0, SL = 0, ЕО! = 0). 


Specific Rotation (Specific Priority) 


The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
e., if 185 is programmed as the bottom priority device, 
then | R6 will have the highest one. 


The Set 2. command is issued in OCW2 where: 
В = 1, SL = 
the bottom orit device. 


Observe that in this mode internal status is updated by 
software control during OCW2. However, it is independent 
of the End of Interrupt (EO!) command (also executed 
by OCW2). Priority changes сап be executed during 
an EO! command by using the Rotate on Specific EOI 
command іп OCW2 (А = 1, SL = 1, EOI = 1 and LO- 
L2 = |R level to receive bottom priority). 


interrupt Masks 


Each Interrupt Request input can be masked individually 
by the Interrupt Mask Register (IMR) programmed through 
OCW1. Each bit in the IMR masks one interrupt channel 
if it is set (1). Bit O masks IRO, Bit 1 masks IR1 and so 
forth. Masking an | В channel does not affect the other 
channels operation. 


Special Mask Mode 


Some applications may require an interrupt service routine 
to dynamically alter the system priority structure during 
115 execution under software control. For example, the 
routine may wish to inhibit lower priority requests for 


; (0-12 is the binary priority level code of. 


a portion of its execution but enable some of them for 
another portion. 


The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service routine), 
the UM82C59A-2 would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them. 


That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables 
interrupts from all other levels (lower as well as higher) 
that are not masked. 


Thus, any interrupts may be selectivity enabled by loading 
the mask register. 


The special Mask Mode is set by OCW3 where: SSMM = 
1, SMM = 1, and cleared where SSMM = 1, SMM = 0. 


Poll Command 


In this mode, the INT output is not used or the micropro- 
cessor internal Interrupt Enable flip-flop is reset, disabling 
its interrupt input. Service to devices is achieved by 
software using a Poll command. 


The Poll command is issued by setting P ="1" ОСУУЗ, 
The UM82C59A-2 treats the next RD pulse to the 
UM82C59A-2 (i.e. RD = 0, CS = 0) as an interrupt 
acknowledge, sets the appropriate 15 bit if there is a 
request, and reads the priority level. Interrupt is frozen 
from WR to RD. | 


Тһе word enabled onto the data bus during RD is: 


D7 D6 D5 D4 D3 D2 01 ро. 
КЕЕ ЕЕ 


WO-W2: Binary code of the highest priority level 
requesting service. 
Е Equal to a 417 if there is an interrupt. 


This mode is useful if there is a routine command 
common to several levels so that the ІМТА sequence is 
not needed (saves ROM space) Another application 
is to use the poll mode to expand the number of priority 
levels to more than 64. 
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LTIM BIT 
0 = EDGE 
1 = LEVEL 


| 

| 
EDGE 
SENSE | | 
LATCH | I 





| REQUEST 


MCS-80, 85 
MODE 


FREEZE 


80C86/80C88 
MODE 


FREEZE 


FREEZE --- 
READIRR - -—— 


Notes: 


| 


WRITE MASK 








UM82C59A-2 


TO OTHER PRIORITY CELLS 


RESOLVER 


CONTROL 


INTERNAL 
DATA BUS 


MASTER CLR 
READ ISR 
READ IMR 


1. MASTER CLEAR ACTIVE ONLY DURING СУМ 
2. FREEZES ACTIVE DURING INTA/AND POLL SEQUENCES ONLY 
3. TRUTH TABLE FOR D-LATCH 


с D OPERATION 
1 Dy Dy FOLLOW 
0 x | Qat HOLD 


Figure 9. Priority Cell — Simplified Logic Diagram 


` Reading the ОМ82С59А.2 Status 


Тһе input status of several internal registers сап be read 
to update the user information on the system, The 
following registers can be read via OCW3 (IRR and ISR 
„ог ОСМА (ІМН)). 


Interrupt Request Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be acknow- 


ledged. The highest request level is reset from the IRR 
when an interrupt is acknowledged. (Not affected by 


ІМН). 


In-Service Register (ISR): 8-5 register which contains 
the priority levels that are being serviced. The 158 
is updated when an End of interrupt Command is 
issued. 

Interrupt Mask Register:  8-bit register which contains 
the interrupt request lines which are masked. 


The IRR can be read when prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR = 1, 
RIS = 1). | 





There is no need to write ап OCW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the UM82C59A-2 "remembers" 


whether the IRR or ISR has been previously selected 


by the OCW3. This is not true when poll is used. After 
initialization, the UM82C59A-2 is set to IRR. 


'For reading the IMR, no OCWS3 is needed. The output 


data bus will contain the IMR whenever RD is active 
апа AO = 1 (ОСИ). 
P=1, ВЕ = іп OCW3. 


Polling overrides status read when 


Edge and Level Triggered Modes 


This mode is programmed using bit З in | СУМ. 


If LTIM = 0", an interrupt request will be recognized 


by a low to high transition on an IR input. The IR 


input can remain high without generating another 
interrupt. 
If LTIM = ‘1’, an interrupt request will be recognized 


by a 'high' level on IR Input, and there is no need for 
an edge detection. Тһе interrupt request must be 


removed before the EOI command is issued or the CPU 
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interrupt is enabled to prevent а second interrupt from 
occurring. 


Тһе priority cell diagram shows a conceptual circuit of 
the level sensitive and edge sensitive input circuitry of 
the UM82C59A-2. Ве sure to note that the request latch 
is a transparent D type latch. 


In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time а 
DEFAULT IR7 will occur when the CPU acknowledges 
the interrupt. This can be a useful safeguard for detecting 
interrupts caused by spurious noise glitches on the ІН 
inputs. То implement this feature the IR7 routine is 


EARLIEST IR 


CAN BE REMOVED 


80С86/80С88 





used for "clean ир” simply executing a return instruction, 
ІНІН? is needed for other 
purposes a default IR7 can still be detected by reading 
the ISR. А normal IR7 interrupt will set the corres- 
ponding ISR bit, a default IR7 won't. If a default 187 
routine occurs during a normal IR7 routine, however, 


thus ignoring the interrupt. 


the ISR will remain set. іп this case it is necessary to 
keep track of whether or not the ІН? routine was 
previously entered. If another ІН? occurs it is a 


default. 
In power sensitive applications, it is advisable to place 
the UM82C59A-2 in the edge-triggered mode. This 


will minimize the current through the pull-up resistors 
on the ІН pins. 


8080/8085 


80С86/80С88 


LATCH* 
*EDGE TRIGGERED MODE ONLY ARMED 


Figure 10. IR Triggering Timing Requirements 


The Special Fully Nested Mode 


This mode will be used in the case of a big system where 
cascading is used, and the priority has to be conserved 
within each slave. In this case the fully nested mode 
will be programmed to the master (using ICW4). This 
mode is similar to the normal nested mode with the 


following exceptions: 


a. When an interrupt request from a certain slave is in 
service, this slave is not locked out from the master's 
priority logic and further interrupt requests from higher 
priority |R's within the slave will be recognized by 


the master and will initiate interrupts to the processor. 
(In the normal nested mode a slave is masked out 
when its request is in service and no higher requests 
from the same slave can be serviced.) 


b. When exiting the Interrupt Service routine the software 
has to check whether the interrupt serviced was the 
only one from that slave. This is done by sending 

a non-specific End of Interrupt (ЕО!) command to 

the slave and then reading its In-Service register and 

checking for zero. |f it is empty, a non-specified EOI 
can be sent to the master, too. || not, по EOI should 


be sent. 
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Buffered Mode 


When the ОМ82С59А-2 is used іп a large system where 
bus driving buffers are required on the data bus and the 
cascading mode is used, there exists the problem of 
enabling buffers. 


The buffered mode will structure the UM82C59A-2 to 
send an enable signal оп SP/EN to enable the buffers. 
In this mode, whenever the UM82C59A-2’s data bus 
outputs are enabled, the SP/EN output becomes active. 


This modification forces the use of software program- 
ming to determine whether the UM82C59A-2 is a master 
or a slave. Bit 3 in ICW4 programs the buffered mode, 
and bit 2 in 1СУУЗ determines whether it is a master or 
a slave. 


Cascade Mode Ж 


Тһе UMB82C59A-2 can Бе easily interconnected іп а 
system of one master with up to eight slaves to handle 
up to 64 priority levels. 


The master controls the slaves through the 3 line cascade 
bus. The cascade bus acts like chip selects to the slaves 
during the INTA sequence. 


In a cascade configuration, the slave interrupt outputs 
are connected to the master interrupt request inputs. 
When a slave request line is activated and afterwards 
acknowledged, the master will enable the corresponding 
slave to release the device routine address during bytes 
2 and 3 of INTA. (Byte 2 only for 80C86/8088). 


The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
UMB82C59A-2 in the system must follow a separate 
initialization sequence and can be programmed to work 
in a different mode. Ап ЕО! command must be issued 
twice: Once for the master and once for the corresponding 


slave. An adress decoder is required to activate the Chip 
Select (CS) input of each UM82C59A-2. 


The cascade lines of the Master UM82C59A-2 are activated 
only for slave inputs, non slave inputs leave the cascade 
line inactive (low). 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


THE 


CS Ag 00-7 €S Ag 


0М82С59А-2 


5РЕМ7 6 5 
es 


Ша 


00-7 iNTA | Ao 


Ei 
0М82С59А-2 
SLAVE В 


ҮШІ 


DO-7 INTA 


0М82С59А-2 
MASTER 


4 3 2 


INTERRUPT REQUESTS 





Figure 11. Cascading the UM82C59A-2 
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CMOS Clock Generator and Driver 





Features 


Ш Generates the system clock for CMOS or NMOS 
| microprocessors 

В Up to 25 MHz operation 

В Uses a parallel mode crystal circuit or external frequency 
source 

Ш Provides ready synchronization 


General Description 


The UM82C84AE is a high performance CMOS clock 
generator-driver which is designed to service the require- 
ments of both CMOS and NMOS microprocessors such as 
the 80C86, 80C88, 8086 and the 8088. The chip contains 
a crystal controlled oscillator, a divide-by-three counter 
and complete “Неаду” synchronization and reset logic. 


Static CMOS circuit design permits operation with an 


external frequency source from DC to 25MHz. Crystal 
controlled operation to 25MHz is guaranteed with the 


Pin Configuration 





csync [ [1 18 | | Усс 
PCLK [ 12 17 | 1х1 
RES 11 
АЕМ | 13 16 | | х2 
е a а ыг 
но [Ца $ тър Абукс Хал? 
№ 
READY 14 ЈЕР 
15 g | [EFI x2 346 
RDY2 Г 16 > з РС 
| -13 
АЕМ2 Í 17 121 | озс F/C 
сак | 18 11 Е J RES 
ЕЕ! 14 
смо [ fo 10 | ВЕЗЕТ csync 4 
RDY1 4 












AENT S 
полева Crystal 6 
дена: 
Ару: 
RDY2 Ready ASYNG 






JES 





Address Address 
REND Disabled Enabled 
ASYNC 2 Stage Ready 1 Stage Ready 
Synchronization Synchronization 









Ш Generates system reset output from Schmitt Trigger 
input 

Capable of clock synchronization with other 8284A 
TTL compatible inputs/outputs 

Very low power consumption 

Single +БМ power supply 


use of a parallel, fundamental mode crystal and two small 
load capacitors. 


АП inputs (except X1, X2 and RES) are TTL compatible 
with a Мн of 2.0 volts over the industrial temperature 
and voltage ranges. 


Power consumption is a fraction of that of the equivalent 
bipolar circuits, This speed-power characteristic of CMOS 
permits the designer to custom tailor his system design 
with respect to power and/or speed requirements. 


Block Diagram 


g : 5 LX. reset 





cS е > CLK 
в 
2 Ге ск 
No о о Ho о READY 
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Absolute Maximum Ratings* 


Supply Voltage ..................... +8.0 Volts 
Operating Voltage Range .............. *4V to +7М 
Applied Voltage on Any Pin 
РИЕТИ GND —0.3V to VccO.3V 
Ambient Temperature Under Bias ТА..... 0°С to +70°С 
Storage Temperature Range 
ОТИУИ -657С то +150°С 
Maximum Power Ојзјрађоп ................ 1 Ман 


"ОС Electrical Characteristics 
Vcc = 50V + 10% Ta = О°С to +70°С 


‘Logic Zero 
Input Voltage 


Vit 
Reset Input 
Ута 
High Voltage 
Ут%-Ут- Reset Input 
Hysteresis 
Мон Logic One 
Output Voltage 


Logic Zero 
Output Voltage 


Input Leakage 
Current 


Power S 
Supply Current 


Notes: 


*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 


. These are stress ratings only. Functional operation of 


this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


іон = -4.0mA for 
CLK output 

loH = -2.5mA for 
all others 


Гог = +4.0тА for 
CLK output 

lo. = +2.5mA for 
for others 


OV<Vin< Усс except 
ASYNC, X1-see note 1 


Crystal 
Frequency = 25MHz 
Outputs Open 





ASYNC pin includes an internal 17.5K$2 nominal pull-up resistor. For ASYNC input at GND, ASYNC input leakage current 


= 130ДА nominal. 
X1-crystal feedback input. 
Capacitance 
(TA = 25°C. Vcc = ОМО-0М, Vin =+5М or GND) 


Parameter 





Сүм” Input | 
Capacitance 


* This parameter is guaranteed and sampled, but not 10096 tested 
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AC Characteristics 
(TA = 0°С to +70°С, Усс = БМ + 10%) 


TIMING REQUIREMENTS 


[Symb | төлөг [| Mm | 















90%—90% VIN 


10%—10% Мм 


АЗҮМС = HIGH 


tR1VCL RDY 1, RDY2 Active Setup to CLK 
ASYNC= LOW 


самих | aovi ROYZ Hoiek | o 
тауу | авемевароб | 
[ 3GAYX | абумснон есік ро 
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Notes: 

1. Output signals switch between Мон and Voi, unless otherwise specified. 

2. Setup and hold necessary only to guarantee recognition at next clock. 

3. Applies only to T3 TW states. 

4. Applies only to T2 states. 

5. All timing delays are measured at 1.5 volts unless otherwise noted. 

б. Input signals must switch between Vj, max—.4 Мон and Мун min +.4 volts 


in 15ns unless otherwise specified. 
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(Фоме _ UM82C84AE 


Timing Waveforms 
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Note: All timing measurements are made at 1.5 volts, unless otherwise noted. 


" Figure 2. Waveforms for Clocks and Reset Signals 
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Figure 3. Waveforms for Ready Signals (For Asynchronous Devices) 
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Figure 4. Waveforms for Ready Signals (For Synchronous Devices) 
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LOAD 
(SEE NOTE 1) 





PULSE 
GENERATOR 





Figure 6. Clock High and Low Time (Using EFI) 














LOAD 
(SEE NOTE 1) 







LOAD 
(SEE NOTE 1) 





LOAD 
(SEE NOTE 2) 







PULSE 
GENERATOR 
TRIGGER 






TRIGGER 
PULSE 
GENERATOR 





LOAD 
(SEE NOTE 2) 





Figure 7. Ready to Clock (Using X1, X2) Figure8. Ready to Clock (Using ЕР!) 


2.25V 


R= 740 РОЯ ALL OUTPUTS EXCEPT CLK 
463 0 FOR CLK OUTPUT 


FROM OUTPUT 
UNDER TEST 
СІ 
Қ | вев МОТЕ 3) 
: Notes: 4. 
1. CL = 100pF i 
2. Сі = ЗОРЕ 


3. Сү INCLUDES PROBE AND JIG CAPACITANCE 


Figure 9. Test Load Measurement Conditions 


Table 1. Crystal Specifications 


2.4—25MHz, Fundamental, “АТ” cut 
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Symbol мо Description 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus Ready 
Signal (RYD1 or RDY2). АЕКТ validates RDY1 while AENZ validates RDY2. Two AEN signal 
inputs are useful in system configurations which permit the processor to access two Multi-Master 
System. Buses. |n non Multi-Master configurations, the AEN signal inputs are tied true (LOW), 



























BUS READY (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located.on the system data bus that data has been received, or is available. ВОҮ1 is qualified 
by AEN! while RDY2 is qualified by AEN2. 


- 


> 
UD» 
< 
z 
< О 





= 2 
оо 
< < 
№ — 









READY SYNCHRONIZATION SELECT: АЗУМС is ап input which defines the synchronization 
mode of the READY logic. When ASYNC is low, two stages of READY synchronization are 
provided. When ASY NC is left open or HIGH a single stage of READY synchronization is provided. 











READ READY: READY is an active HIGH signal which is the synchronized RDY signal input. READY is 


cleared after the guaranteed hold time to the processor has been тет. 


CRYSTAL ІМ: X1 and X2 are the pins to which a crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency. 


FREQUENCY/CRYSTAL SELECT: F/C is a strapping option. When strapped LOW, F/C permits 
the processor's clock to be generated Бу the crystal. When Е/С is strapped HIGH, CLK is generated 
from the EFI input. 


X1, X2 


= 
~ 
Ol 


m 
mn 


EXTERNAL FREQUENCY ІМ: When F/C is strapped HIGH, CLK is generated from the 
input frequency appearing on this pin. The input signal is a square wave 3 times the Цанын of the 
desired CL K output. 


CLK PROCESSOR CLOCK: CLK is the clock output used by the processor and all devices which directly 
connect to the processor's local bus. CLK has an output frequency which is 1/3 of the crystal of ЕР! 


input frequency and a 1/3 duty cycle. 
PCLK 


PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is 1/2 that of 
CLK and has a 5096 duty cycle. 


OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is 
equal to that of the crystal. 


RESET IN: RES is an active LOW signal which is used to generate RESET. The UM82C84AE рго- 
'vides a Schmitt Trigger input so that an RC connection can be used to establish the power-up reset 
of proper duration. 


RESET 


RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its 
timing characteristics are determinded by RES. 


CSYNC. CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signa! which allows multiple UM82C84AEs 
to be synchronized to provide clocks that are in phase. When CSYNC is HIGH the internal counters 
are reset. When CSYNC goes LOW the internal counters are allowed to resume counting. CSYNC 
needs to be externally ыы to EFI. When using the interna! oscillator CSYNC should be 


hardwired to ground. 





Ground 


+5V supply 
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Functional Description 
Oscillator 


The oscillator circuit of the UM82C84AE is designed 
primarily for use with an external parallel resonant 
fundamental mode crystal from which the basic operating 
frequency is derived. 


The crystal frequency should be selected at three times 
the required CPU clock. X1 and X2 are the two crystal 
input connections. For the most stable operation of 
the oscillator (OSC) output circuit, two capacitors 
(C1 = C2) as shown in the waveform figures are recom- 
mended. The output of the oscillator is buffered and 
brought out on OSC so that other system timing signals 
can be derived from this stable, crystal-controlled source. 
Capacitors C1, C2 are chosen such that their combined 
capacitance: 


C1.C2 


гето 


(Including stray capacitance) 


matches the load capacitance as specified by the crystal 
manufacturer. This insures operation within the frequency 
tolerance specified by the crystal manufacturer. 


Clock Generator 


The clock generator consists of a synchronous divide-by- 
three counter with a special clear input that inhibits the 
counting. This clear input (CSYNC) allows the output 
clock to be synchronized with an external event (such as 
another UM82C84AE clock). || is necessary to synchronize 
Ше CSYNC input to the ЕЁ! clock external to the 
UMB82C84AE. This is accomplished with two flip-flops. 
The counter output ís a 3396 duty cycle clock at one-third 
the input frequency. 


The F/C input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the —3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for another 
clock source*. Output is taken from OSC. 


Clock Outputs 


The CLK output is a 3396 duty cycle clock driver designed 
to drive the 80C86, 80C88 processors directly. PCLK 
is a peripheral clock signal whose output frequency is 
1/2 that of CLK. PCLK has a 50% duty cycle. 


Reset Logic 


The reset logic provides a Schmitt Trigger input (RES) and 
a synchronizing flip-flop to generate the reset timing. 


CLOCK 
SYNCHRONIZE 


EFI 


Figure 10. CSYNC Synchronization 


The reset signal is synchronized to the falling edge of 
CLK. A simple RC network can be used to provide power- 
on reset by utilizing this function of the UM82C84AE. 
Wave-forms for clocks and reset signals are illustrated in 
Fig. 2. 


Ready Synchronization 


Two READY inputs (RDY1, RDY2) are provided to 
accommodate two system buses. Each input has a 
qualifier (АЕМТ and АЕМ2, respectively). Тһе AEN 
Signals validate their respective RDY signals. If a Multi- 
Master system is not being used the AEN pin should be 
tied LOW. i 








Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the: 
RDY setup and hold times are теі. Inactive-going edges 
of RDY in normally ready systems do not require 
synchronization but must satisfy RDY setup and hold ава 
matter of proper system design. 


Тһе ASYNC input defines two modes of READY 
synchronization operation. 


When ASYNC is LOW, two stages of synchronization are 
provided for active READY input signals. Positive-going 


asynchronous READY inputs will first be synchronized. 


to flip-flop, one at the rising edge of CLK (requiring a 
setup time tR1VCH) and then synchronized to flip-flop 
two at the next falling edge of CLK, after which time the 
READY output will go active (HIGH). Negative-going 
asynchronous READY inputs will be synchronized directly 
to flip-flop two at the falling edge of CLK, after which 
time the READY output will go inactive. This mode of 
operation is intended for use by asynchronous (normally 
not ready) devices in the system which cannot be 
guaranteed by design to meet the required RDY setup 
timing, tR1VCL, on each bus cycle. 


When ASYNC is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling edge of CLK before they are presented to the 
processor. This mode is available for synchronous devices 
that can be guaranteed to meet the required RDY setup 
time. | 


АЗҮМС сап be changed оп every bus cycle to select the 
appropriate mode of synchronization for each device in 
the system. 





(ТО OTHER UM82C84As) 


*Note: If ЕРІ input is used, then crystal input X1 must be tied to Vcc or GND and X2 should бе left open. If the crystal 
inputs are used, then ЕҒІ should Бе tied to Усс or GND. 
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ADVANCED PRODUCT DESCRIPTION 





UME 


UM82152 


| Cache Controller 





Features 


Controls 32-kB, 4-ууау, set-associative cache 

Available in 16-MHz, 20-MHz, and 25-MHz speeds 
Direct interface to the 80386 

Direct interface to industry-standard 8K х 8 5ВАМ5: 
45 ns for 16-MHz systems 

35 ns for 20-MHz systems 

2b ns for 25-MHz systems 

в Full 32-bit addressability for 4-GB memory support. 


General Description 


The UM82152 is a high-performance cache controller 
for Intel 80386 based systems and provides high levels 
of integration and functionality. !t interfaces directly 
to the 80386; no additional support logic is required. 
A complete 32-kilobyte cache can be designed with just 
one UM82152 and four 8K by 8-bit static RAMs. 


The UM82152 architecture enables easy design-in with 
current speed versions of the 80386, and simple migration 
to faster version processors with no alteration to system 
or memory design. 


The 80386, operating in pipelined mode with the UM82152, 


Block Diagrams 





SRAM 






PROCESSOR PROCESSOR 
CONTROL INTERFACE & 
sus CONTROL UNIT 







PROCESSOR 
AODRESS 
BUs 


SYSTEM BUS ACCESS 


UM82152 internal Configuration 


ADDRESS 
& ENABLE 


Cache coherency support d 

Software cache invalidation 

On-chip programmable noncached regions 
Write buffer support 

Gate A20 support 

1.5 micron CMOS technology 

84-lead PLCC, JEDEC standard package 
Pin and functionally identical to A38152* 


runs with zero wait states during a cache hit (requested 
data is present in cache). If the data is not present (cache 
miss), it is fetched from main memory by the UM82152. 
This approach yields the high-speed performance of fast 
SRAMs for code and data most frequently used, while 
providing design economies (such as board space savings 
and lower component costs) by storing infrequently used 
code and data in slower dynamic RAM (with cycle times 
greater than 125 nanoseconds) that can be located in 
large memory banks either on-board or off-board. 


The reduced system bus traffic inherent in the UM82152 
implementation produces system performance gains by 
freeing the bus for use by other devices. 


RESET CLK2 


4 
wa Вк х 8 SRAM 
ote Bkx 8 SRAM 

CACHE. 15 

ADOR 8кк В SRAM 

8k x В SRAM 
š ; 





SYSTEM BUS 


SYSTEM INTERFACE 


System Block Diagram 


*A38152 is Austek's cache controller for 25 MHz 386 AT system. 
Copyright @ 1987 Austek Microsystems. All rights reserved. 
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Pin Configuration 


PROCESSOR 
32-81Т 
ADDRESS 


PROCESSOR 
BUS 
CONTROL 


PROCESSOR 
CYCLE 
DEFINITION 





CLK2 


ADDR 31-2 


ADDRESS BUS 


ВЕ 23-0 
ADS + 
NA# 
READY # 


W/R # 
МЛО € 
D/C # 


ОМА # ` 


LOCK # 


CACHE-ADDR10 
CACHE-ADDR9 
CACHE-ADDR8 
CACHE-ADDR7 
GND 
ADDR 12 
ADDR11 
ADDR 10 
ADDR9 
ADDR8 
ADOR7 
ADS# 

















CACHE-ADDR6 
CACHE-ADDR5 
CACHE-ADDR4 
CACHE-ADDR3 
CACHE-ADDR2 
GND 
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ADDR28 
ADDR29 
ADDR30 


= 
> 


SYS-WR# 
SYS-RD # 
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мес 
SYS-ACK # 
ОЕ# 
W3# 
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RESET 
SAMPLE 
NON-CACHE # 


ADDR31 
IO-ADDR3 
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Усс 
IO-ADDR2 
IO-ADDR1 
IO-ADDRO 
D/C# 

|млож 
ADDR6 
ADDRS5 
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W2# 
W1# 
WO# 
CACHE-ADDR 1 
CACHE-ADDRO 
GND 
CACHE-ADDR 12 


NA# 
LOCK# 
DMA# 
READY# 
CACHE-FAULT 
ADDR 13 
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ADDR4 






Усс 
CACHE-ADDR 11 





N 
о 


ADDR3 





RESET 


IQ-ADDR 3-0 
CACHE-ADDR 12-0 15-81Т 


W# 3-0 CACHE SRAM 
Ë ADDRESS CONTROL 


OE# | 
SYS-ACK# 
SYSTEM 
SYS-RD# 
ACCESS 
SYS-WR# 
SAMPLE 
CACHE-FAULT CYCLE 
NON-CACHE # STATU 


UM82152 Signals 
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Pin Description 





2, 34—39, 53, 
557-63, 65-73, 


ADDR | Address Bus. The 30 physical address pins from the CPU. 


CLK2 | Clock. Clock input. 
RESET ' Reset. Resets the microcache to a known state. 
74,76~78 IO-ADDR Chip 1/0 Address. Address pins to locate the controller in 
the 1/О space of the CPU. 





BE# 


Byte Enable. The 4 byte-enable pins from the CPU. 


‚ Address Status. Direct connection from the CPU. initiates а 
valid bus cycle. 






ADS# 


ы и 


М | 


SYS-ACK s 











i Next Address. Direct connection to the CPU. Requests the 
CPU to use address pipelining. 









= 
О 


Ready. Direct to the CPU. Indicates completion of the current 
bus cycle. This signal is bidirectional as it will also be driven 
by the system interface. 


Write/Read. Direct connection from the CPU. Indicates the 
type of CPU bus cycle, either write or read. 


Memory/Input, Output. Direct connection from the CPU. 
Indicates the type of CPU bus cycle, either memory ог 1/0. 


Data/Control. Direct connection from the CPU. Indicates 
the type of CPU bus cycle, either data or control. 


IDMA Cycle. Indicates that the cycle occurring is due to DMA 
activity on the system bus. Cache coherency is maintained 
by clearing any matching entries from the cache. 


Lock. Direct connection from the CPU. When asserted in- 


dicates the current cycle is locked, exclusive access must be 
granted to the memory location addressed until LOCK# is 
negated. For cache coherency reasons, any matching entries 
are cleared from the cache. 


System Transfer Acknowledge. Control input from the system 

interface to acknowledge completion of read and write transfers 

to the system. 

SYS-RD# . System Read. Control output to the system interface initiat- 
ing amain memory read. 


A 


System Write. Control output to the system interface initat- 
ing a main memory read. 


SYS-WR# 


ч 





— — — 
с 


2—124 

















Фе 


Pin Description (Continued) 










SAMPLE 





16,27,41,44 
54, 75 


1, 13, 25, 33 
43, 64 













0М82152 


‚ Sample. Control output to the system interface to latch address 
and status information describing a processor bus cycle. 
SAMPLE is strobed at the end of a Tstate where the A38152 
is either in а Ti state or a T2P state (when READY# will be 
asserted). 











'Cache Fault. А request to the system for an interrupt due to 
an internal error. 






Noncache Transfers. Indicates a data access within a noncached 
region. External decoding of addresses must be performed if 
necessary. 









Cache Memory Address Ви. Тһе physical address pins to 
the cache RAMs. 


Write Enable. Indicates a write to the cache RAMS when 


asserted and a read when negated. There is a W# line for cach 
byte in a word. | | 


Output Enable. The data output enable for the cache RAMs. 


+5 Volt Supply | 
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LIMIE: UM8237AE/-4/-5 





Programmable DMA 
Controller (DMAC) 





Features 

m Enable/Disable Control of Individual DMA Requests Second with 5 MHz UM8237AE-5 

m Four Independent DMA Channels = Directiy Expandable to any Number of Channels 

в Independent Autoinitialization of all Channels в End of Process Input for Terminating Transfers 

Ш Memory-to-Memory Transfers @ Software DMA Requests 

m Memory Block Initialization 8 independent Polarity Control for DREO and DACK 
m Single Бу power supply Signals 

B High performance: Transfers up to 1.6M Bytes/ 


General Description 


The UM8237AE/-4/-5 Direct Memory Access Controller 
(DMAC) is a peripheral interface circuit for micro- 
processor systems. It is designed to improve system 
performance by allowing external devices to directly 
transfer information from the system memory. Memory- 
to-memory transfer capability is also provided. The 
“0М8237АБ/-4/-5 offers a wide variety of programmable 


. Pin Configuration 


Block Diagram 


contro! features to enhance data throughput and system 
optimization and to allow dynamic reconfiguration 
under program control. 


UM8237AE/-4/-5 is fabricated in Si-Gate NMOS process, 
with each channel having a full 64K address and word 
count capability. | 


IOR[ | 1 40L | А7 

IOWL 42 39 |_| ^6 АО-АЗЈ 
За ЗЕ: јаве: иа — 7 
—— и 
МЕМУ [ 14 371 | A4 RESET 
MARK Г | 5 36 Г) ЕОР cs C 16 BIT BUS 


16 BIT BUS 








А4-А? 
OUTPUT 
BUFFER 


















HLDA [t] 7 34 = А2 АЕМ ТІМІМС [ READ BUFFER | | 
ADSTB ANO ве. BASE CURRENT | 
ADSTB[ |8 © 33 |_ЈА1 МЕМЯ сү CONTROL ADDRESS | дала. ADDRESS | WORD lo 
AEN| #9 5 32 | | АО MEMW О ne 1 по ue _ Се" a 
N SR Pals 
w IOR О | СОММАМО 
por 10 У 31 = ж A - | E CONTROL 
CS 11 30 
m 
скГІ2 £ 2 ов! READ BUFFER xs 
ВЕЗЕТ| (113 е 28 1082 Ecc | 080.087 
DACK2| | 14 27 | 1083 онЕо2 -4 PRIORITY 
раскз Г | 15 26 Г 1084 2 AND " Есте Ј | || 1| 
| HRQ TATING 
ОВЕОЗ| 116 251 |ОАСКО исро 4 PRIORITY | maskia | READ WRITE 
ОВЕО2| 117 244 |DACK! НОЕ EMPORARY (8) 
UEST (4 
DREQI (Су 18 23} 1085 


DREQO[ ] 19 
(GND) Vgg 120 
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Absolute Maximum Ratings* *Comments 
А А о о . Stresses above those listed under "Absolute Maximum 
Ambient Temperature under Bias ..... 0 Cto ios Ratings” may cause permanent damage to the device. 
Storage Temperature ........... “бз IOS 190 D... Thies dre stress ratings опіу. Functional operation of 
Voltage on any Pin with Respect this device at these or any other conditions above those 
to Ground. ....... tes A iy ih Sate cata а ту —0.5 to 7V indicated in the operational sections of this specification 
Power Dissipation................... 1.5 Watt is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device 

reliability. 


DC Electrical Characteristics (Т A = 0°C to 70°С, Vec = 5.0V + 5%, Vss = OV] 


| | Гу [o -лооматнна бар | 


| lou = 2.0 mA (data bus) 
: loL = 3.2 mA (other outputs) 
° исто 
CEN НИ CEN NC >= 
MES 


Vcc Supply Current 


| Co | Output Capacitance 
P al Input Capacitance | : 


Cio І/О Capacitance 
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МОТЕ5: 


Typical values are for ТД = 259С, nominal supply voltage and nominal processing parameters, 

Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output 
signals are 2.0V for HIGH and O.8V for LOW, unless otherwise noted. 

Output loading is 1 ТТІ gate plus 50 pF capacitance, unless otherwise noted. 

Ihe net (ОМ or MEMW Pulse width for normal write wil! be TCY-100 ns and for extended write will be 2TCY-100 ns. The net 
[ОН or MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 

ТОО is specified for two different output HIGH levels. TDQ1 is measured at 2.0V. TDQ?2 is measured at 3.3V. The value for 
1002 assumes an external 3.3 КО puli-up resistor connected from HRO to VCC. 

DREQ should be held active until БАСК is returned. 

DREQ and РАСК signals may be active high or active low. Timing diagrams assume the active high mode. 

Output loading on the data bus is 1 TTL gate plus 100 pF capacitance. | 
Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at 
least 600 ns for the (/М8237АЕ at least 500 ns for the 9М8237АЕ-4 and at least 400 ns for the ОМ8237АЕ-5, as recovery time 
between active read or write pulses. 

10. Parameters are listed in alphabetical order. 

11. Pin 5 is an input that should always be at a logic high level. An internal Pull-up resistor will establish a logic high when the pin is 
left floating. Alternatively, pin 5 may be tied to Vcc. 
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AC Testing Input, Output Waveform AC Testing Load Circuit 


Input/Output 


DEVICE 
2.0 : UNDER 


| ТЕЗТ — 
D TEST POINTS саф 17 150р 


0.8 


` А.С. TESTING: INPUTS ARE DRIVEN AT 24V FOR A LOGIC “17 AND 0.45V FOR 
А LOGIC "07. TIMING MEASUREMENTS ARE MADE АТ 2.0V FOR А LOGIC "1" 
AND ОВУ FOR A LOGIC 07. Сү INCLUDES МО CAPACITANCE 
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Симс UM8237AE/-4/-5 


АС Characteristics—DMA (master) Mode . 





(ТА = ОС to 70°C, Усс = *5V + 5%, Vss = OV) 


утро агатетег 
| Mim. (Мах. Min. jMec| Min. "Mex 


TAEL | АЕМ HIGH from CLK LOW (51) Delay Time | |ao| | |225] 200] вв. 
AET |АЕМ LOW from CLK HIGH (S1) Delay Time | ____| 200] || ____| 130] ns | 

| во | о | во пе 
he — p] БЕШЕРДЕГІ 
ЕЛ | (| — [wow] 
TCY-100 СҮ-100| | |ТСҮ-100| | | ms | 

50 | | 40 30 

ТСҮ50| | TCY-50 
| 100 
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AC Characteristics—Peripheral (Slave) Mode 








(Ta = 0°C to 70°C, Vee = 5.0V £5%, Vss = OV) 
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Pin Description 
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Description 


Clock input controls the internal operations of the UM8237AE/-4/-5 and its 
rate of data transfer. The input may be driven at up to 5 MHz for the 
 ОМ8237АЕ —5. 


Chip Select is an active low input used to select the UM8237AE/-4/-5 as an 
МО device during the Idle cycle. This allows CPU communication on the 
data bus. 


Reset is an active high input which clears the Command, Status, Request 
and Temporary registers, It also clears the first/last flip-flop and sets the 
Mask register. Following a Reset the device is in the Idle cycle. 


Ready is an input used to extend the memory read and write pulses from 
the UM8237AE/-4/-5 to accommodate slow memories or 1/О peripheral de- 
vices. Ready must not make transitions during its specified setup/hold time. 


The DMA Request lines are individual asynchronous channel request inputs 
used by peripheral circuits to obtain DMA service. In fixed Priority, DREQO 
has the highest priority and ОВЕОЗ has the lowest priority. A request 15 
generated by activating the ОВЕО line of a channel. DACK will acknowl- 
edge the recognition of a DREO signal. Polarity of DREQ is programmable. 
Reset intializes these lines to active high. DREQ must be maintained until 
the corresponding DACK goes active. 
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Pin Description (Continued) 


30 ~ 26 DBO-DB7 1/0 Тһе Data Bus lines аге bidirectional three-state signals connected to the 
23 ~ 21 system data bus. The outputs are enabled in the Program condition during 
the ЏО Read to output the contents of an Address register, a Status register, 
the Temporary register or a Word Count register to the CPU. The outputs 
are disabled and the inputs are read during and 1/О Write cycle when the 
CPU is programming the UM8237AE/-4/-5 control registers. During ОМА 
cycles the most significant 8 bits of the address are output onto the data bus 
to be strobed into an external latch by ADSTB. In memory-to-memory 
Operations, data from the memory comes into the UM8237AE/-4/-5 on the 
“дата bus during the read-from-memory transfer, In the write-to-memory 
eee the data bus outputs place the data into the new memory location. 




























МО Read is а bidirectional active low three-state line. In the Idle cycle, it 

is an input control signal used by the CPU to read the control registers. in 
' the Active cycle, it is an output control signal used Бу the UM8237AE/-4/-5 
to access data from a peripheral during a DMA Write transfer. 













МО Write is a bidirectional active low three-state line. іп the Idle cycle, 
it is an input control signal used by the CPU to load information into the 
UM8237AE/-4/-5. іп the Active cycle, it is an output control signal used by 
| the UM8237AE/-4/-5 to load data to the peripheral during a DMA Read 
| transfer. 



























End of Process is an active low bidirectional signal. Information concerning 
the completion of ОМА services is available at the bidirectional ЕОР ріп. 
The UM8237AE/-4/-5 allows ап external signal to terminate ап active 
“ОМА service. This is accomplished by pulling the EOP input low with an 
external EOP signal. The UM8237AE/-4/-5 also generates a pulse when the 
"| terminal count (TC) for any channel is reached. This generates an EOP 
signal which is output through the EOP Line. The reception of EOP, either 
internal or external, will cause the UM8237AE/-4/-5 to terminate the 
. Service, reset the request, and, if Autoinitialize is enabled, to write the base 
registers to the current registers of that channel. The mask bit and TC bit 
jn the status word will be set for the currently active channel by EOP 
unless the channel is programmed for Autoinitialize. In that case, the mask 
bit remains clear. During memory-to-mémory transfers, EOP will be output 
when the TC for channel 1 occurs. EOP should be tied high with a pull-up 
resistor if it is not used to prevent erroneous end of process inputs. 





The four least significant address lines are bidirectional three-state signals. 
In the Idle cycle they are inputs and are used by the UM8237AE/-4/-5 to 
address the contro! register to be loaded or read. In the Active cycle they 
are outputs and provide the lower 4 bits of the output address. 


The four most significant address lines are three-state outputs and provide 
4 bits of address. These lines are enabled only during the DMA service. 













This is the Hold Request to the CPU and is used to request control of the 
system bus. If the corresponding mask bit is clear, the presence of any 
valid DREQ causes UM8237AE/-4/-5 to issue the HRQ. After HRQ goes 
active at least one clock cycle (T CY) must occur before HLDA goes active. 


DMA Acknowledge is used to notify the individual peripherals when one 
has been granted a DMA cycle. The sense of these lines is programmable. 
Reset initializes them to active low. 
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Functional Description 


The UM8237AE/-4/-5 block diagram includes the major 
logic blocks and all of the internal registers. The data in- 
terconnection paths are also shown. Not shown are 
the various control signals between the blocks. The 
UM8237AE/-4/-5 contains 344 bits of internal memory 
in the form of registers. Figure 1 lists these registers by 
name and shows the size of each. A detailed description 
of the registers and their functions can be found under 
| Register Description. 


The UM8237AE/-4/-5 contains three basic blocks of 
control logic. The Timing Control block generates 


internal timing and external control signals for the 


UM8237AE/-4/-5. The Program Command Control 
block decodes the various commands given to the 
UM8237AE/-4/-5 by the microprocessor prior to servic- 
ing а DMA Request. It also decodes the Mode Control 
word used to select the type of DMA during the servic- 


Base Address Registers 16 bits 
Base Word Count Registers 16 bits 
Current Address Registers 16 bits 
Current Word Count Registers 16 bits 
Temporary Address Register 16 bits 
Temporary Word Count Register | 16 bits 
Status Register 8 bits 
Command Register 8 bits 
Temporary Register 8 bits 
Mode Registers 6 bits 
Mask Register 4 bits 
Request Register 4 bits 


4 
4 
4 
4 
1 
1 
1 
1 
1 
4 
1 
С. 


Figure 1. UM8237AE/-4/-5 Internal Registers 


Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system 
bus drivers during DMA transfers. AEN is active HIGH. 


The active high, Address Strobe is used to strobe the upper address byte 
into an external latch. un 

The Memory Read signal is an active low, three-state output used to access 
data from the selected memory location during a DMA Read or a memory- 
to memory transfer. 


The Memory Write is an active low, three-state output used to write data 
to the selected memory location during a ОМА Write or a memory-to- 
memory transfer. 
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Description 






















ing. The Priority Encoder block resolves priority con- 
tention between DMA channels requesting service 
simultaneously. 


The Timing Control block derives internal timing from 


the clock input. In UM8237AE/-4/-5 systems this. 
input will usually be the $2 TTL clock from an 8224 


or CLK from an 8085AH or 8284А. For 8085AH-2 
systems above 3.9MHz, the 8085 CLK (OUT) does 
not satisfy UM8237AE/-4/-5 clock LOW and HIGH time 
requirements. іп this case, an external clock should 
be used to drive the UM8237AE/-4/-5. 


DMA Operation 


The UM8237AE/-4/-5 is designed to operate in two 


major cycles. These are called Idle and Active cycles. 
Each device cycle is made up of a number of states. The 
UM8237AE/-4/-5 can assume seven separate states, each 
composed of one full clock period. State 1 (S1) is the 
inactive state. It is entered when the UM8237AE/-4/-5 
has no valid DMA requests pending. While in $1, the 
DMA controller is inactive but may be in the Program 
condition, being programmed by the processor. State 
SO (SO) is the first state of а ОМА service. The 
UM8237AE/-4/-5 has requested a hold but the processor 
has not yet returned an acknowledge. The UM8237AE/ 
-4/-5 may still be programmed until it receives HLDA 
from the CPU. An acknowledge from the CPU will 
signal that DMA transfers may begin. S1, S2, S3 and 
54 are the working states of the DMA service. If more 
time is needed to complete a transfer than is available 
with normal timing, wait states (SW) can be inserted 
between 52 or S3 and 54 by the use of the Ready 
line оп the UM8237AE/-4/-5. Note that the data is 
transferred directly from the 1/0 device to memory 
(ог vice versa) with ТОВ and MEMW (or MEMR and 
IOW) being active at the same time. The data is not 
read into or driven out of the UM8237AE/-4/-5 in 
1/Очо-тетогу or memory-to-1/O ОМА transfers. 
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· Memory-to-memory transfers require a read-from and a 


write-to-memory to complete each transfer. The states, 
which resemble the normal working states, use two 
digit numbers for identification. Eight states are re- 
quired for a single transfer. The first four states (S11, 
512, 513, 514) are used for the read-from-memory half 
and the last four states (S21, S22, S23, S24) for the 
write-to-memory half of the transfer. 


е Cycle 


When no channel is requesting service, the UM8237AE/ 
-4/-5 will enter the Idle cycle and perform “51” states. 
In this cycle, the UM8237AE/-4/-5 will sample the 
DREO lines every clock cycle to determine if any 
channel is requesting a DMA service. The device will also 
sample CS, looking for an attempt by the micropro- 
cessor to write or read the internal registers of the 
UM8237AE/-4/-5. When CS is low апа HLDA is low, the 
UM8237AE/-4/-5 enters the Program Condition. The 
CPU can now establish, change or inspect the internal 
definition of the part by reading from or writing to the 
internal registers. Address lines AO-A3 are inputs to the 
device and select which registers will be read or written. 


The ТО and LOW lines are used to select and time reads 


or writes. Due to the number and size of the internal 
registers, an internal flip-flop is used to generate an 
additional bit of address. This bit is used to determine 
the upper or lower byte of the 16-bit Address and Word 


. Count registers. The flip-flop is reset by Master Clear or 
Reset. A separate software command can also reset this 
flip-flop. 


Special software commands can be executed by the 


-UM8237AE/-4/-5 in the Program Condition. These com- 
mands are decoded as sets of addresses with the CS and ` 


IOW. The commands do not make use of the data 


bus. Instructions include Clear First/Last Flip-Flop and 


Master Clear. 


Active Cycle 


When the UM8237AE/-4/-5 is in the Idle cycle and а 
non-masked. channel requests a DMA service, the device 
will output ап HRQ to the microprocessor and enter the 
Active cycle. lt is in this cycle that the DMA service 
will take place, in one of four modes: 


Single Transfer Mode — In Single Transfer mode the 
device is programmed to make one transfer only. The 
word count will be decremented and the address decre- 
mented or incremented following each transfer. When 
the word count "rolls over" from zero to FFFFH, a 
Terminal Count (TC) will cause an Autoinitialize, if the 
channel has been programmed to do so. | 


DREQ must be held active until DACK becomes active 
in order to be recognized. М DREQ is held active 
throughout the single transfer, HRQ will go inactive 
and release the bus to the system. It will again go 


active and, upon receipt of a new HLDA, another single. - 


transfer will be performed, in 8080A, 8085AH, 8088, or 


8086 systems this will ensure one full machine cycle 
execution between DMA transfers. Details of timing 


between the UM8237AE/-4/-5 and other bus contro! 
protocols will depend upon the characteristics of the 
microprocessor involved. 


. Block Transfer Mode — Іп Block Transfer mode the 
. device is activated by DREQ to continue making trans- 


fers during the service until a TC, caused by word count 
going to FFFFH, or an external End of Process (EOP) is 
encountered. DREQ need only be held active until 
DACK becomes active. Again, an Autoinitialization will 
occur at the end of the service if the channel has been 
programmed for it. 


Demand Transfer Mode - іп Demand Transfer mode the 
device is programmed to continue making transfers until 
а TC or external EOP is encountered or until DREQ goes 
inactive. Thus transfers may continue until the 1/О 
device has exhausted its data capacity. After the !/O 
device has had a chance to catch up, the DMA service 
is re-established by means of a DREQ. During the time 


between services, when the microprocessor is allowed 


to operate, the intermediate values of address and word 
count are stored in the UM8237AE/-4/-5 Current 
Address and Current Word Count registers. Only an EOP 
can cause an Autoinitialize at the end of the service. 
EOP is generated either by TC or by an external signal. 


Cascade Mode — This mode is used to cascade more than 
опе UM8237AE/-4/-5 together for simple system expan- 
sion. The ННО and HLDA signals from the additional 
UM8237AE/-4/-5 are connected to the DREO and 
DACK signals of a channel of the initial UM8237AE/-4/ 
5. This allows the DMA requests of the additional de- 
vice to propagate through the priority network си- 
cuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial UM8237AE/-4/-5 is used only for prioritizing the 
additional device, it does not output any address or 


‘control signals of its own. These could conflict with the 


outputs of the active channel in the added device. The 


“УМ8237АЕ/-4/-5 will respond to DREQ and РАСК but 


all other outputs, except НВО, will be disabled. 


Figure 2 shows two additiona! devices cascaded into an 
initial device using two of the previous channels. This 
forms a two level DMA system. More UM8237AE/ 
-4/-5 could be added at the second level by using the re- 
maining channels of the first level. Additional devices 
can also be added by cascading into the channels of the 
second level devices, forming a third level. 


Transfer Types 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and 
Verify. Write transfers move data from an 1/О device to 
the memory by activating MEMW апа ІОВ; Read trans- 





· fers move data from memory to an |/О device by activat- 





ing MEMR and IOW' Verify transfers are pseudo trans- 
fers. The UM8237AE/-4/-5 operates, as in Read or Write 
transfers, generating addresses, and responding to EOP, 
etc. However, the memory and I/O control lines all re- 
main inactive. Verify mode is not permitted during 
memory to memory operations. 
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2ND LEVEL 


MICRO- IST LEVEL UM8237AE/.4/-5 
PROCESSOR 
HRQ OREQ 


HLDA DACK 


INITIAL DEVICE 


UM8237AE/-4/-5 


ADDITIONAL 
DEVICES 


Figure 2. Cascaded UM8237AE/-4/-5 


Memory -to -Memory — To perform block moves of data 
from one memory address space to another with a mini- 


mum of program effort and time, the UM8237AE/-4/ 
-5 includes a memory-to-memory transfer feature. Pro- 
gramming a bit in the Command register selects channels 
0 and 1 to operate as memory-to-memory transfer 
channels. The transfer is initiated by setting the software 
ОКЕО for channel 0. Тһе UM8237AE/-4/-5 requests a 
DMA service in the normal manner. After HLDA is true, 
the device, using eightstate transfers in Block Transfer 
mode, reads data from the memory. The channel 0 
‘Current Address register is the source for the address 
used and is decremented or incremented in the normal 
manner. The data byte read from the memory is stored 
іп the UM8237AE/-4/-5 internal Temporary register. 
Channel 1 then writes the data from the Temporary 
register 10 memory using the address in its Current 
Address register and incrementing or decrementing it 
in the normal manner. The channel 1 Current Word 
Count is decremented. When the word count of channel 
1 goes to FFFFH, a TC is generated causing an EOP 
Output, terminating the service. 


Channel 0 may be programmed to retain the same ad- 
dress for all transfers. This allows a single word to be 
written to a block of memory. 


The UM8237AE/-4/-5 will respond to external EOP 
signals during memory-to-memory transfers. Data com- 
parators in block search schemes may use this input to 
terminate the service when a match is found. The timing 
of memory-to-memory transfers is found in Figure 10. 
Memory-to-memory operations can be detected as an 
active AEN with no DACK outputs. 


Autoinitialize — By programming a bit in the Mode 
register, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the original 
values of the Current Address and Current Word Count 
registers are automatically restored from the Base 
Address and Base Word count registers of that channel 
following EOP.. The base registers are loaded simultane- 
ously with the current registers by the microprocessor 
and remain unchanged throughout the DMA service. 
The mask bit is not set when the channel is in Autoini- 
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паге. Following Autoinitialize, the channel is ready 
to perform another DMA service, without CPU interven- 
tion, as soon as a valid DREQ is detected. 


Priority — Тһе UM8237AE/-4/-5 has two types of pri- 
ority encoding available as software selectable Options, 
The first is Fixed Priority, which fixes the channels in 
priority order based upon the descend ing value of their 
number. The channel with the lowest priority is 3, 
followed by 2 and 1, and the highest priority channel, O. 
After the recognition of any one channel for service, the 
other channels are prevented from interfering with that 


-service until it is completed. 


The second scheme is Rotating Priority. The last chan- 
nel to get service becomes the lowest priority channel 
with the others rotating accordingly. 


‚ ли 2nd 3rd 
Service Service Service 
highest 0 2---- service 3-ж---56ёгүїсе 
1----- service — 3 — request 0 
2 0 1 
lowest 3 1 2 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recog- 
nized after no more than three higher priority services 
have occurred. This prevents any one channel from 
monopolizing the system. 


Compressed Timing — In order to achieve even greater 
throughput where system characteristics permit, the 
UM8237AE/-4/-5 can compress the transfer time to two 
clock cycles. From Figure 11 it can be seen that state 
S3 is used to extend the access time of the read pulse. 
By removing state S3, the read pulse width is made equal 
to the write pulse width and a transfer consists only of 
state 52 to change the address and state S4 to perform 
the read/write. 51 states will still occur when A8-A15 
need updating (see Address Generation). Timing for 
compressed transfers is found in Figure 12. 


Address Generation — In order to reduce pin count, the 


| UM8237AE/-4/-5 multiplexes the eight higher order 
address bits on the data lines. State S1 is used to output 
the higher order address bits to an external latch, from 


which they may be placed on the address bus. The fall- 
ing edge of Address Strobe (ADSTB) is used to load 
these bits from the data lines to the latch. Address En- 
able (AEN) is used to enable the bits onto the address 
bus through a threestate enable. The lower order address 
bits are output by the UM8237AE/-4/-5 directly. Lines 
А0-А7 should be connected to the address bus. Figure 


.9 shows the time relationships between CLK, AEN, 


ADSTB, DBO-DB7 and А0-А7. 


During Block and Demand Transfer mode services, which 


· include multiple transfers, the addresses generated will 
be sequential. For many transfers the data held in the 


external address latch will remain the same. This data 


33 


© 
x. 
% 
© 
Q 
5 
% 
= 
ы 
б. 








Соме 





UM8237AE/-4/-5 





need change only when a carry or borrow from А7 to 
A8 takes place in the normal sequence of addresses. 
To save time and speed transfers, the UM8237AE/-4/-5 
executes 51 states only when updating of А8-А 15 in the 
latch is necessary. This means for long services, 51 
states and Address Strobes may occur only once every 
256 transfers, a savings of 255 clock cycles for each 
256 transfers. 


Register Description 


Current Address Register — Each channel has a 16-bit 
Current Address register. This register holds the value 
of the address used during DMA transfers. The address 
is automatically incremented or decremented after 
each transfer and the intermediate values of the address 
are stored in the Current Address register during the 
transfer. This register is written or read by the micro- 
processor in successive 8-bit bytes. It may also be reini- 
tialized Бу an Autoinitialize back to its original value. 
Autoinitialize takes place only after an EOP. 


Current Word Register — Each channel has a 16-bit 
Current Word Count register. This register determines 
the number of transfers to be performed. The actual 
number of transfers will be one more than the number 
programmed in the Current Word Count register (i.e. 
programming a count of 100 will result in 101 transfers). 
The word count is decremented after each transfer. 
The intermediate value of the word count is stored in 
the register during the transfer. When the value in the 
register goes from zero to FFFFH, a TC will be generat- 
ed. This register is loaded or read in successive 8-bit 
bytes by the microprocessor іп the Program Condition. 
Following the end of a DMA service it may also be 
reinitialized, by an Autoinitialization, back to its original 
value. Autoinitialize can occur only when ап EOP 
occurs. If it is not Autoinitialized, this register will 
have a count of FFFFH after TC. 


Base Address and Base Word Count Register — Each 
channel has a pair of Base Address and Base Word 
Count registers. These 16-bit registers store the original 
value of their associated current registers. During Auto- 
initialize these values are used to restore the current 
registers to their original values. The base registers are 
written simultaneously with their corresponding current 
register in 8-bit bytes in the Program Condition by the 
microprocessor. These registers cannot be read by the 
microprocessor. 


Command Register — This 8-bit register controls the 
operation of the UM8237AE/-4/-5. It is programmed by 
the microprocessor in the Program Condition and is 
cleared by Reset or a Master Clear instruction. The 
following table lists the functions of the command bits. 
See Figure 4 for address coding. 


Mode Register — Each channel has a 6-bit Mode register 
associated with it.. When the register is being written 


to by the microprocessor in the the Program Condition, 
bits О and 1 determine which channel! Mode register is 
to be written. 


. Request Register — Тһе UM8237AE/-4/-5 can respond 


to requests for DMA service which are initiated by soft- 


ware as well as by a DREO. Each channel has a request 


bit associated with it in the 4-bit Request register. 
These are nonmaskable and subject to prioritization by 
the Priority Encoder network. Each register bit is set 


. or reset separately under software control, ог is cleared 


upon generation of a TC or external EOP. The entire 
register is cleared by a Reset. To set or reset a bit, the 
software loads the proper form of the data word. See 


Figure 3 for register address coding. In order to make 
a software request, the channel must be in Block Mode. 


Mask Register — Each channel has associated with it a 
Command Register 


f 7 6 5 4 3 2 1 0 -—— Ви Number 
1111111| 
О Memory-to-memory disable 
1 Метогу-10-петогу enable 


о Спаппе! 0 address hoid disable 
1 Channel O address hold enable 
X Ifbit0=0 


0 Controller enab!e 
1 Controller disable 


0 Normal timing 
1 Compressed timing 
X ifbit0=1 


0 Fixed priority 
1 Rotating priority 


0 Late write selection 
1 Extended write setection 
X 158351 


О DREQ sense active high 
1 DREQ sense active low 


O  DACK sense active low 
1 DACK sense active high 


Mode Register 


7 6 5 4 3 2 1 0 -——Bit Number — 


00 Channel 0 select 
01 | Channel 1 seiect 
10 Channel 2 seiect 
1! Channel З select 


00 Verify transfer 

O1 Write transfer 

10 Read transfer 

11 !Неда! 

XX |f bits 6 and 7 = 11 


О Autoinitialization disable 
1 Autoinitialization enable 


о 


Address increment select 
1 Address decrement select 


00 Demand mode seiect 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 
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Request Register 


7 6 5 4 3 2 1 0 -«——Bit Number 


——— OO Select channel 0 
Don't Care 01 Select channe! 1 

10 Select channel 2 

11 Select channel 3 


9 Reset request bit 
1 Set request bit 


mask bit which can be set to disable the incoming 
DREQ. Each mask bit is set when its associated channel 
produces an EOP, if the channel is not programmed for 
Autoinitialize. Each bit of the 4-bit Mask register may 
also be set or cleared separately under software control. 
The entire register is also set by a Reset. This disables 
all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set 
or clear the mask bits is similar in form to that used with 
the Request register. See Figure 3 for instruction 


addressing. 
7 6 5 4 3 2 1 0 -—— Ви Number 
— —— OO Select channel О mask bit 
Don't Care O1 Select channel 1 mask bit 


10 Select channel 2 mask bit 
11 Select channel 3 mask bit 


O Clear mask bit 
1 Set mask bit Е 


АП four bits of the Mask register тау also be written 
with a single command. 


7 6 5 4 3 2 1 OQ -«—— Bit Number 
=v O Clear channel O mask bit 
Don't Care 1 Set channel О mask bit 


O Clear channel 1 mask bit 
1 Set channel 1 mask bit 


0 Clear channe! 2 mask bit 
1 Set channel 2 mask bit 


O Clear channel 3 mask bit 
1 Set channel 3 mask bit 


Command Write 


Mode Write 
Request Write 
Mask Set/Reset 
Mask Write 
Temporary Read 
Status Read 


Figure 3. Definition of Register Codes 


Status Register — The Status register is available to be 
read out of the UM8237AE/-4/-5 by the microprocessor. 
И contains information about the status of the devices 
at this point. This information includes which channels 
have reached a terminal count and which channels have 





pending DMA requests. Bits O-3 are set every time a 


ТС is reached by that channel or an external ЕОР is 


applied. These bits are cleared upon Reset and on each 
Status Read. Bits 4-7 are set whenever their correspond- 
ing channel is requesting service. 


7 6 5 4 3 2 1 0 -*—— Bit Number 


1 Channel 0 has reached ТС 
1 Channel 1 has reached TC 
1 Channel 2 has reached TC 
1 Channel 3 has reached TC 


1 Channel O request 
1 Channel 1 request 
1 Channel 2 request 
1 Channel 3 request 


Temporary Register — The Temporary register is used 


to hold дата during memory-to-memory transfers. Fol- 
lowing the completion of the transfers, the last word 
moved can be read by the microprocessor in the Pro- 
gram Condition. Тһе Temporary register always con- 
tains the last byte transferred in the previous memory- 
to-memory operation, unless cleared by a Reset. 


Software Commands — These are additional special 
software commands which can be executed in the Pro- 
gram Condition. They do not depend on any specific 


.bit pattern on the data bus. The two software com- 


mands are: 
Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 


information to the UM8237AE/-4/-5. This initializes . 


the flip-flop to a known state so that subsequent 
accesses to register contents by the microprocessor 
‘will address upper and lower bytes in the correct 
“sequence. 


Master Clear: This software instruction has the same 
effect as the hardware Reset. The Command, Status, 
Request, Temporary, and Internal First/Last Flip- 
Flop registers are cleared and the Mask register is set. 
The UM8237AE/-4/-5 will enter the idle cycle. 


Clear Mask Register: This command clears the mask 
bits of all four channels, enabling them to accept 
DMA requests. 


Figure 4 lists the address codes for the software com- 
mands: 
PROGRAMMING 


The UM8237AE/-4/-5 will accept programming from the 
host processor any time that HLDA is inactive; this is 
true even if HRO is active. The responsibility of the host 


is to assure that programming and HLDA are mutually © 


exclusive. Note that a problem can occur if a DMA 
request occurs, on an unmasked channel while the 
UM8237AE/-4/-5 is being programmed. For instance, 
the CPU may be starting to reprogram the two byte 


Address register of channel 1 when channel 1 receives a 


ОМА request. If the UM8237AE/-4/-5 is enabled (bit 
2 in the command register is O) and channel 1 is un- 
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programming any other registers. Once the programming 








After power-up it is suggested that all internal locations, 
especially the Mode registers, be loaded with some 
valid value. This should be done even if some channels 
are unused. 


тоя Tow is complete, the controller can be enabled/unmasked. 
ЕЕ Read Status Hegister 
Write Command Register 

Шеда! 





[A0 

EJ 

(01110, 

[1] 9 1-151 

СТ [9 wre Begues Regier — 
[opo]? [e 2 | 
£N 1 Го | Write Single Mask Register Bit | Application Information 
|| | of tne 2 
ЕЖ 


Write Mode Register 


Figure 6 shows a convenient method for configuring a 
DMA system with the UM8237AE/-4/-5 controller and 
an 8080A/8085AH microprocessor system. The multi- 
mode DMA controller issues a НВО to the processor 
whenever there is at least one valid DMA request from 
а peripheral device. When the processor replies with 
а HLDA signal, the UM8237AE/-4/-5 takes control of 
the address bus, the data bus and the control bus. The 
address for the first transfer operation comes out in two 
bytes — the least significant 8 bits on the eight address . 
Figure 4. Software Command Codes outputs and the most significiant 8 bits on the data bus. 
| The contents of the data bus are then latched into the 
masked, а DMA service will occur after only one byte of 8282 8-bit latch to complete the full 16 bits of the 
the Address register has been reprogrammed. This can address bus. . 
be avoided by disabling the controller (setting bit 2 in 
the command register) or masking the channel before 


Base and Current Address 













Бой 
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Со | Geo Byie Pointer Fiip/Fiop | 
Го | Master Clear 
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Internal Flip-Flop | Data Bus DBO-DB7 
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Current Address 


Base and Current Word Count 











Current Word Count 
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Base and Current Address 


Current Address 







Base and Current Word Count 








Current Word Count 


ос OO оо 00/00 оо оо о 


-= OO >= ОО 
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Base and Current Address 







Current Address 






Base and Current Word Count 







Current Word Count 
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Base and Current Address 







Current Address 


Base and Current Word Count 






Current Word Count 
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Figure 5. Word Count and Address Register Command Codes 
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Timing Waveforms 


Slave Mode Write Timing 


DBO-DB7 


Slave Mode Read Timing 


080-087 


ADDRESS BUS А0-А15 


AO-A3 А4-А7 
UM8237AE/-4/-5 


SYSTEM DATA 805 


UM8237AE/-4/-5 


CONTROL 
BUS 





Figure 6. UM8237AE/-4/-5 System Interface 


. Figure 7. Slave Mode Write 


Figure 8. Slave Mode Read 
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Timing Waveforms (Continued) 













"ОМА Transfer Timing 
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Figure 9. ОМА Transfer 
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Timing Waveforms (Continued) 


| Memory-to-Memory Transfer Timing 


$14 


MER dn 


ADORESS. VALIO % 


ADDRESS VALID + 


E i AF E 


m 


(ХХХА м | e 
080-087 = CD 
в (Х (ХХЯ м 5 ПЕ АВ-А15 == 
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„| 


Figure 10. Memory -10-Метогу Transfer 


Ready Timing 


TOCL 


EXTENDED 
WRITE 


Figure 11. Ready 
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Timing Waveforms (Continued) 





Compressed Transfer Timing 





Figure 12. Compressed Transfer 


Reset Timing 


i 
VCC | 
/ ——— TRSTD 


TRSTW 
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Figure 13. Reset 
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Programmable Interval Timer 





Features 

B 3 independent 16-bit counters B Programmable counter modes 
в DC to 2.6 MHz (UM8253) ` Ш Count binary or BCD 

@ DC to 5.0 MHz (UM8253-5) Ш Single +5V supply 


General Description 


The UM8253/-5 is a programmable counter timer device It is organized as 3 independent 16-bit counters, each with 
designed for use as a microcomputer peripheral. 11 is a count rate of up to 2.6 MHz. All modes of operation 
processed using NMOS technology with a single +5V are software programmable. 


supply and is packaged in a 24-pin plastic DIP. 


Pin Configuration Block Diagram 








CLK 0 
DATA 
D4-Do BUS ee GATE 0 
BUFFER 
OUT 0 
RD О CLK 1 
c ыг E COUNTER 
> : 1 БАТЕ 1 
| ° OUT 1 
> А, 
оз 
түн 
сл 
CS 
CLK2 
CONTROL 
WORD SOR GATE 2 
REGISTER 
OUT 2 





ЦЭ 


21 


INTERNAL BUS 
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Absolute Maximum Ratings* 


Ambient Temperature Under Bias Тд...... 0°C to 70°C 
Storage Temperature Тетб.......... —65°С to +150°С 
Voltage on Any Pin with Respect to 

Ground .......... pada Sree Би ХОЛ -0.5У to *7V 
Power Dissipation ........... 1 Watt 


.DC Electrical Characteristics 
(TA = 0°C to 70°C, Усс = 5V + 10%) 


Output Float Leakage 


*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 





Vcc Supply Current 


Capacitance 
(TA = 25°С, Vcc = GND = OV) z 


Input Capacitance 


1 Ci ја _ МО Capacitance 





AC Characteristics 
(TA = 0°C to 70°С, Усс = 5.0V + 10%, GND = OV) 


Bus Parameters (Note 3) 


READ CYCLE 













Address Hold Time for READ 
| Тв | READ Pulse Width 
Data Delay From READ (4) 


DF 
trav 





Recovery Time Between READ 
and Any Other Control Signal 


| UM8253 
Address Stable Before READ | 50 | 
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· АС Characteristics (Continued) 
WRITE CYCLE 
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ТА 

tw 
Data Set Up Time for WRITE 
Data Hold Time for WRITE 


н Recover y time Between WRITE 
y and Any Other Control Signal 


мо _ ES 
Сю | БЕЛЕ 
Св Се 












| 
GL 





по. | cewaw | Xo 
оо | Опра бену нотаи | — — - 
[ toos | Одри бу от бей | — - | хо 










‘Notes: 

1. lop =2.2 mA. 

2. lon = —400 pA. 

3. AC timings measured at Voy 2.2, Vo, =0.8. 
4. Су = 150pF. 


AC Testing Input, Output Waveform AC Testing Load Circuit 


2.2V 2.2V 


D TEST POINTS | DER 


0.8 0.8 TEST CL = 150 pF 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4У FOR A LOGIC "1" 
AND 0.45V FOR A LOGIC “0” TIMING MEASUREMENTS ARE 
MADE АТ 2.2V FOR A LOGIC “1% AND 0.8V FOR A LOGICO 


0.45 І 


С, INCLUDES JIG CAPACITANCE 
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Timing Waveforms 





WRITE TIMING 


DATA BUS 


PC Mainboard 


READ TIMING 


HIGH IMPEDANCE 


. CLOCK AND GATE TIMING 


tPWH авын руу 


OUTPUT 0 
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Functional Description 


General 


. The UM8253/-5 is a programmable interval timer/counter 
specifically designed for use with microcomputer systems. 
Its function is that of a general purpose, multi-timing 
‘element that can be treated as an array of I/O ports in 
the system software. 


The UM8253/-5 solves one of the most common problems 

in any microcomputer system; the generation of accurate 
time delays under software control. Instead of setting up 
timing loops in systems software, the programmer con- 
figures the UM8253/-5 to match his requirements, in- 
itializes one of the counters of the UM8253/-5 with the 
desired quantity, then upon command Ше UM8253/-5 
will count out the delay and interrupt the CPU when it 
has completed its tasks. |t is easy to see that the software 
overhead is minimal and that multiple delays can easily 
be maintained by assignment of priority levels. 


Other counter/timer functions that are non-delay in nature 
but also common to most microcomputers can be 
implemented with the UM8253/-5. 


© Programmable Rate Generator 
€ Event Counter | 
е Binary Rate Multiplier 

€ Real Time Clock 

е Digital One-Shot 

€ Complex Motor Controller 


Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is used to interface 
the UM8253/-5 to the system data bus. Data is transmitted 
. or received by the buffer upon execution of input or out- 
put CPU instructions. The Data Bus Buffer has three basic 
functions. | 


1. Programming the MODES of the UM8253/-5. 


2. Loading the count registers, 
3. Reading the count values. 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enabled or disabled by CS so that no 
Operation can occur to change the function unless the 
device has been selected by the system logic. 


RD (Read) 


A "low" on this input informs the UM8253/-5 that the 
CPU is inputting data in the form of а counter value. 


WR (Write) 


A ом" on this input informs the UM8253/-5 that the 
CPU is outputting data in the form of mode information or 
loading counters, 


Ao „А 


These inputs are normally connected to the address bus. 
Their function is to select one of the three counters to be 
operated оп and to address the contro! word register for 
mode selection. 


DATA 
BUS 
BUFFER 


COUNTER 
#2 


INTERNAL BUS 





Figure 1. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 


Load Counter No. O 
Load Counter No. 1 


Load Counter No. 2 
Write Mode Word 
Read Counter No. O 





Read Counter No. 1 


Disable 3-State 
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CS (Chip Select) 


А Лом" on this input enables the UM8253/-5. No reading 
. Or writing will occur unless the device is selected. Тһе 
CS input has no effect upon the actual operation of the 
counters. 


Control Word Register 


The Control Word Register is selected when Ag, A, are 
1,1. It then accepts information from the data bus buffer 
and stores it in a register. The information stored in this 
‚ register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 


The Control Word Register can only be written into; no 
read operation of its contents is available. 


. Counter #0, Counter #1, Counter #2 


These three functional blocks are identical in operation 
so only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 


The counters are fully independent and each can have 
separate mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
A control words that handle the loading of the count value 
so that software overhead can be minimized for these 
functions. 


The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic are 
included in the UM8253/-5 so that the contents of each 
counter can be read “оп the Ну” without having to inhibit 
the clock input. 


UM8253/ 5 System Interface 


The UM8253/-5 is a component of the UMC Microcom- 
puter Systems and interfaces in the same manner as all 
other peripherals of the family. It is treated by the systems 
software as an array of peripheral 1/О ports; three аге 
counters and the fourth is a control register for MODE 
programming. 


Basically, the select inputs Ag , Ay connect to the Ag, A, 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an 8205 for larger systems. 





Operational Description 


General 


The complete functional definition of the UM8253/-5 is 
programmed by the systems software. А set of control 
words must be sent out by the CPU to initialize each 
counter of the UM8253/-5 with the desired MODE and 


COUNTER 
| #0 
COUNTER 
#1 


COUNTER 
| | #2 


INTERNAL BUS 





.Figure 2. Block Diagram Showing Control Word 
Register and Counter Functions 


ADDRESS BUS (161 


CONTROL BUS 


Па 


DATA BUS (8) 


А Ар CS 0-0. RD WR 
0М8253/-5 
COUNTER 


COUNTER: COUNTER 
| 2 


а 
OUT GATE CLK 


1 


r——  ——— C 
OUT GATE CLK OUT GATE CLK 


Figure 3. 9М8253/-5 System Interface 
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quantity information, prior to initialization, the MODE, 
count, and output of all counters is undefined. These 
control words program the MODE, loading sequence 
and selection of binary or BCD counting. 


Once programmed, the UM8253/-5 is ready to perform 
whatever timing tasks it is assigned to accomplish. 


The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with efficient 
monitoring and management of external, asynchronous 
events or rates to the microcomputer system have been 
eliminated. 


Programming the UM8253/-5 


All of the MODES for each counter are programmed by 
the systems software by simple І/О operations. 


Each counter of the UM8253/-5 is individually programmed 
by writing a control word into the Control Word Register. 
(Аб š А, - 1 1) 


Control Word Format 
D, Dg D; р, р, D, D, р, 


| scr | sco | піт | нь | мг |w | мо | со | 


Definition of Control 
SC — Select Counter: 


Select Counter O 


Select Counter 1 


Select Counter 2 















READ/WRITE procedure Section) 
Read/Load least significant byte only. 
Read/Load least significant byte first, 


then most significant byte. 








. MODE 1: 


Binary Counter 16-bits | 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 





BCD: 


Counter Loading 





The count register is not loaded until the count value is 
written (one or two bytes, depending on the mode selected 
by the RL bits), followed by a rising edge and a falling 
edge of the clock. Any read of the counter prior to that 
falling clock edge may yield invalid data. 


MODE Definition 


MODE 0: Interrupt on Terminal Count. The output will 
be initially low after the mode set operation. After the 
count is loaded into the selected count register, the output 
will remain low and тле counter will count. When terminal 
count is reached the output will go high and remain high 
until the selected count register is reloaded with the mode 
or a new count is loaded. The counter continues to 
decrement after terminal count has been reached. 


Rewriting a counter register during counting results in the 
following: 


(1) Write 1st byte stops the current counting. 
(2) Write 2nd byte starts the new count. 


Programmable One-Shot. The output will go 
low on the count following the rising edge of the gate input. 


The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the 
succeeding trigger. The current count can be read at any 
time without affecting the one-shot pulse, 


The one-shot is retriggerable, hence the output will remain 
low for the full count after any rising edge of the gate 
input. 


MODE 2: Rate Generator. Divide by М counter. The 
output will be low for one period of the input clock. The 
period from one output pulse to the next equals the 
number of input counts in the count register, If the count 
register is reloaded between output pulses the present 
period will not be affected, but the subsequent period 
will reflect the new value. 


The gate input, when low, will force the output high. 
When the gate input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter, 


When this mode is set, the output will remain high until 
after the count register is loaded. The output then can 
also be synchronized by software. 
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MODE 3: Square Wave Rate Generator. ‘Similar to MODE 
2 except that the output will remain high until one halt 
the count has been completed (for even numbers) and go 
low for the other half of the count. This is accomplished 
by decrementing the counter by two on the falling edge of 
each clock pulse. When the counter reaches terminal 
count, the state of the output is changed and the counter 
is reloaded with the full count and the whole process is 
repeated. 


If the count is odd and the output is high, the first clock 
pulse (after the count is loaded) decrements the count by 1. 
Subsequent clock pulses decrement the clock by 2. After 
timeout, the output goes low and the full count is reloaded. 
The first clock pulse (following the reload) decrements the 
counter by 3. Subsequent clock pulses decrement the 
count by 2 until timeout. Then the whole process is 
repeated. In this way, if the count is odd, the output will 
be high for (М+1)/2 counts and low for (N—1)/2 counts. 


<a 








1) Disables counting 








1) Disables counting 








Low or Going Low 


Disables counting UB QE 


] 1) Initiates counting ---- 
2) Resets output after next clock 
2) Sets output immediately high 


2) Sets output immediately high 


| 4 мөнгө 
__- |___- ___ 


‘In Modes 2 and 3, if a CLK source other than the system 


Clock is used, GATE should be pulsed immediately > 


following WR of a new count value. 


MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will 
go high again. | 


If the count register is reloaded during counting, the new 
count will be loaded on the next CLK pulse. The count 
will be inhibited while the GATE input is low. 


MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger input 
and will go low for one clock period when the terminal 


count is reached. The counter is retriggerable, The output 


will not go low until the full count after the rising edge 


of any trigger. 
Enables counting 










1) Reloads counter 
2) Initiates counting 





Enables counting 
Enables counting 


1) Reloads counter 
2) .Initiates counting 


____- [ии 
Initiates counting ЕСЕН 


Figure 4. Gate Pin Operations Summary 


UM8253/ 5 Read/Write Procedure 


Write Operations 


The systems software must program each counter of the 
UM8253/-5 with the mode and quantity desired. The pro- 
‘grammer must write out to the UM8253/-5 a MODE 
control word and the programmed number of count register 
bytes (1 or 2) prior to actually using the selected counter. 


The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter's MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SC1) 


The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 


programmed in the MODE control word (RLO, RL1). This 
loading of the counter’s count register is still sequence 
independent like the MODE control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the MODE 
control word (RLO, RL1). The one or two bytes to be 
loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded. in order. 


АП counters are down counters, Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register ул! result in the 
maximum count (2 for Binary or 10 for ВСО). 
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OUTPUT я 
UNTERRUPT) 
{n=4) 


АҒ. MODE 1: PROGRAMMABLE ONE-SHOT 


crock T LI UU LTLT LI LI LTILTLT ITT L 


TRIGGER 
OUTPUT 


2 (п=4) 


4 3 4 3 2. 1 


5 0 
OUTPUT 


. MODE2: RATE GENERATOR 


crock ГЛ1ЛЛЛаЛллалллалаал. 


WRn пе4 na3 


4 3 2 1 0432 10321 0 


OUTPUT. .. 


0(3) 1 
OUTPUT (n=3) 3 2 03) 2 1.03) 2 1 











 ИМ8253/-5 


MODE 3: SQUARE WAVE GENERATOR 


сок ПІППППІЛІЛІЛІГІЛІГІГІІГІ. 
4 2 


4 2 4 2 4 2 4 2 4 2 4 


6 4 2 5 2 5 4 2 6 2 5 4 2 


MODE 4: SOFTWARE TRIGGERED STROBE 


4 4 3 2 1 0 


MODE 5: HARDWARE TRIGGERED STROBE 


aoc ГЭЛЛМЛЛЛЛАЛ Л 


4 3 2 1 0 
OUTPUT (п=4) 


GATE 
OUTPUT (п=4} 





Figure Б. UM8253/-5 Timing Diagrams 


In MODE О the new count will not restart until the load has 
been completed. It will accept one of two bytes depending 
on how the MODE control words (RLO, ВЕТ) are 
programmed. Then proceed with the restart operation. 


Read Operations 


In most counter applications it becomes necessary to read 
the value of the count in progress and make a computa- 
tional decision based on this quantity. Event counters 


are probably the most common application that uses this 
function. The UM8253/-5 contains logic that will allow the 
programmer to easily read the contents of any of the three 
counters without disturbing the actual count in progress. 


There are two methods that the programmer can use to 
read the value of the counters, The first method involves 
the use of simple МО read operations of the selected 
counter. By controlling the Ag, A, inputs to the UM8253/ 
-5 the programmer сап select the counter to be read 
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(remember that no read operation of the mode register is 
allowed Аб, A, ~ 11 The only requirement with this 
method is that in order to assure a stable count reading 
the actual operation of the selected counter must be 
inhibited either by controlling the Gate input or by 
external logic that inhibits the clock input. The contents 
of the counter selected will be available as follows: 


First I/O Read contains the least significant byte (LSB). 


Read Operation Chart 







Reading While Counting 


In order for the programmer to read the contents of any 


counter without affecting or disturbing the counting opera- - 


tion the UM8253/-5 has special internal logic that can 
be accessed using simple WR commands to the MODE 
register, Basically, when the programmer wishes to read 
the contents of a selected counter “оп the Ну“ he loads 





second I/O Read contains the most significant. byte 
(MSB). 


Due to the internal logic of the UM8253/-5 it is absolutely 
necessary to complete the entire reading procedure. If two 


bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the ` 


Same counter. 





Read Counter No. 0 
Read Counter No. 1 
‘Read Counter Мо, 2 


the MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. Тһе 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register 


are available, 


MODE Control Word 
| Counter n 
LSB Count Register byte 
Counter n 


MSB Count Register byte 
Counter n 


Note: Format shown is a simple example of loading the UM8253/-5 and does not imply 
that it is the only format. 





Figure 6. Programming Format 


MODE Register for Latching Count 





5С1, SCO — specify counter to be latched. 
D5, D4 


X — don't care. 


— 00 designates counter latching operation. 
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The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory 
to complete the entire read operation as programmed. 


This command has no effect on the counter's mode. 
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MODE Contro! Word 
Counter O 


MODE Control Word 
Counter 1 


MODE Control Word 
Counter 2 
Count Register Byte 
Counter 1 
Count Register Byte 
Counter 1 
Count Register Byte 
Counter 2 
Count Register Byte 
Counter 2 


Count Register Byte 
Counter O 


Count Register Byte 
Counter O 


Note: The exclusive addresses of each counter's count register make the task of programming the.UM8253/-5 a 
very simple matter, and maximum effective use of the device will result if this feature is fully utilized. 





Figure 7. Alternate Programming Formats 


(1 an 8085 clock output is to drive а UM8253-b clock input, it must be reduced to 2MHz or less. . 





Figure 8. МС5-85 ГМ Clock Interface 


Ordering Information 
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ОМ8259А-2 


Programmable Interrupt Controller 





Features 


в Fight-level priority controller 


8 Expandable to 64 levels 
8 Programmable interrupt modes | 


General Description 


The UM8259A-2 Programmable Interrupt Controller handles 
up to eight vectored priority interrupts for the CPU. It 
is cascadable for up to 64 vectored priority interrupts 
without additional circuitry, Packaged in a 28-pin DIP, it 
uses NMOS technology and requires a single +5V supply. 
Circuitry is static, requiring no clock input. 


Ш Individual request mask capability 
Ш Single +5V supply (no clocks) 
Ш 28-pin dual-in-line package 


real time overhead 
interrupts, |t has several modes, permitting optimization 
for a variety of system requirements. 


Тһе UM8259A-2 is fully compatible with the Intel 8259A- 
2. Software originally written for the 8259A-2 will operate 


іп handling multi-level priority: 
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| the UM8259A-2 in all 8259A-2 equivalent modes. 
The UM8259A-2 is designed to minimize the software and | 


Pin Configuration Block Diagram 


INTA INT 





CONTROL LOGIC 
BUFFER 


г-убзгзип 


REQUEST 
REG 
ИВА) 








RESOLVER 





CAS О =w—— 
INTERRUPT MASK REG 
ИМА) 





CASCADE 
CAS 1 BUFFER/ 
COMPARATOR 


CAS 2 -44— 





INTERNAL BUS 


*'АРХ86, iAPX88, MCS-80 and MCS-85 are all trademarks of Intel Microsystems 
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Absolute Maximum Ratings* 


Ambient Temperature Under Bias ........ 0°C to 70°C 
Storage Temperature TEES —65° С to +150°C 
Voltage on Any Pin with 

Respect to Ground ............... -0.5М to +7М 
Power бізбіраіоп....................... 1 Watt 


DC Electrical Characteristics 
(TA = ОС to 70°C, Мсс = 5V + 10%) 






VOH (INT) 


Input Load Current 
Output Leakage Current 


IR Input Load Current 


Capacitance 
(TA = 25°C; Vcc = GND = OV) 


Symbol 






1/0 Capacitance | 





AC Characteristics 
(ТА =0°C to 70°C, Усс = БМ + 10%) 


TIMING REQUIREMENTS 


Symbol Parameter 
AO/CS Setup to ВОЛМТА4 
aes 


D/INTA 


TWLWH | — WRPuseWidh 1 
TOVWH 
TjLJH 


TCVIAL 


Cascade Setup to Second or Third 
| INTAX (Slave only) 

End of RD to next RD 

End of INTA to next INTA within 

ап INTA sequence only 


SE 

[Vor [output Low Voltage L — | 

Уон 
i 3.5 


4 
Interrupt Output High 
Voltage 24 


7 one 
ОРУ [юн 
222204 И 


0457 Усл Vac 
pcm Toma ee el 


Шавар UNE 
шаг 
Усс Supply Current | — — | 
ЕВЕ РАИ BENI Гы 27 БМА 





м [unit] 
по | bs м 


Mis. | 
input Capacitance | [| 
[о L F | таат pins returned 16 Vas 





*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 








lon = —400UA 






lon = —400 uA 











Т = 
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AC Characteristics (Continued) 


*TCHCL End of Command to next Command 
(Not same command type) 






End of INTA sequence to next 
INTA sequence. | i 





. *Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6џ5, 
8085А-2-1 us, 8086 = 1 us, 8086-2 = 625 ns) 
Note: This is the low time required to clear the input latch in the edge triggered mode. 


Timing Responses 


misi 
TRLDV Data Valid from RD/INTAL 


| Мах "st C = 100 pF 
ТҮНІН oe хын -— Min ие e Бре. 
ascade Valid from First 
TIALCV (Master Only) Симт = 109 pF 
TRLEL Enable Active from RD} ог INTAY С САЗСАШОЕ = 100 pF 
TRHEH Enable Inactive from ВОТ or INTAT | 


ТАНОУ Data Valid from Stable Address 
TCVDV Cascade Valid to Valid Data ` 


AC Testing Input, Output Waveform AC Testing Load Circuit 


TRHDZ Data Float after RD/INTAT | C of Data Bus 





24 DEVICE 
UNDER 


TEST 


2.0 
C 


Тэтєвт POINTS < T 


0.8 


A. C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “17 AND 
0.45V FOR A LOGIC “0.” TIMING MEASUREMENTS ARE MADE АТ 


2.0V FOR A LOGIC 41% AND 0.8V FOR A LOGIC "0." CL INCLUDES JIG CAPACITANCE 





Timing Waveforms 


22 TAHWL | TWHAX 
CS 


AQ г z 
TDVWH — = L TWHDX 
4 ‚е 


DATA BUS 
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Waveforms (Continued) 


READ/INTA 


TRHEH 


ЗЕЯ ТАНАХ 
С5 


ломи Ж Cd 
Ар 


TRLDV — TRHDZ 
TAHDV 
DATA BUS = = = m w m w пе = m = w аш эш эз = w Ó = 


OTHER TIMING 


RO | 
INTA 
| TRHRL —* 


INTA SEQUENCE 


IR 


NON 
INT 
1МТА 

© @ 8) 


TVCIAL—- TCVIAL 


feo 


TIALCV M | 





‚ Notes: Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in iAPX86, iAPX88 systems, the Data Bus is not active. 
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Functional Description 
Interrupts in Microcomputer Systems 


Microcomputer system design requires that 1/О devices such 
as keyboards, displays, sensors and other components 
receive servicing in an efficient manner so that large 
amounts of the total system tasks can be assumed by the 
microcomputer with little or no effect on throughput. 


The most common method of servicing such devices is the 
Polled approach. This is where the processor must test each 
device in sequence and in effect "ask" each one if it needs 
servicing. 11 is easy to see that a large portion of the main 
program is looping through this continuous polling cycle 
and that such a method would have a serious, detrimental 
effect on system throughput, thus limiting the tasks that 
could be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 


A more desirable method would be one that would allow 
the microprocessor to be executing its main program and 
only stop to service peripheral devices when it is told 
to do so by the device itself, In effect, the method would 
provide an external asynchronous input that would inform 


Data Bus: 
transferred via this bus. 


Cascade Lines: The CAS lines form a 
0М8259А-2 structure. These pins are outputs for a master UMB8259A-2 and inputs 
for a slave UM8259A 2. 


Slave Program/Enable Buffer: 
Mode it can be used as an output to control buffer transceivers (EN). When not in 
the buffered mode it is used as an input to designate a master (SP — 1) of slave 


Interrupt: This pin goes high whenever a valid interrupt request is asserted. It is 
used to interrupt the CPU, thus it is connected to the CPU's interrupt pin. 


Asynchronous inputs. An interrupt request is executed by 
(low to high), and holding it high until it is acknowledged 


(Edge Triggered Mode), or just by a high level on an IR input (Level Triggered 


Interrupt Acknowledge: This pin is used to enable 


data onto the data Биз Бу a sequence of interrupt acknowledge pulses issued by the 


AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is 
used by the UM8259A-2 to decipher various Command Words the CPU writes and 
status the CPU wishes to read. It is typically connected to the CPU AO address line 
(A1 for iAPX 86, 88). 


UMS8259A-2 


ШЕ supply: %5У Supply. 


Chip Select: A low on this pin enables RD and WR communication between the 


1 CS 
CPU and the UM8259A 2. 
WR Write: A low on this pin when CS is low enables the ОМ8259А.2 to accept com- 


Read: A low on this pin when CS is low enables the UM8259A-2 to release status 
onto the data bus for the CPU. 


INTA functions are independent of CS. 


mand words from the CPU. 


Control, status and interrupt-vector information is 





private UM8259A-2 bus to control a multiple 





This is a dual function pin. When in the Buffered 






UM8259A-2 interrupt-vector 









the processor that it should complete whatever instruction 
that is currently being executed and fetch a new routine 
that will service the requesting device. Once this servicing 
is complete, however, the processor would resume exactly 
where it left off. 


This method is called Interrupt. |t is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) functions as 
an омега! manager in ап Interrupt-Driven system 
environment. |t accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains whether 
the incoming request has a higher priority value than the 
level currently being serviced, and issues an interrupt to 
the CPU based on this determination. 
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Each peripheral device or structure usually has a special INTA (Interrupt Acknowledge) 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred 
to as a “service routine”. The PIC, after issuing an 
interrupt to the CPU, must somehow input information 
into the CPU that can ‘‘point’’ the Program Counter to the 
Service routine associated with the requesting device. 
This “pointer” is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data. 





INTA pulses will cause the UM8259A-2 to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (иРМ} of the UM8259A-2. 


CPU-DRIVEN 


The 0М8259А-2 


The UM8259A 2 is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. |t 
manages eight levels or requests and has built-in features 
.for expandability to other UM8259A-2's (up to 64 levels). 
It is programmed by the system's software as an 1/0 
peripheral. А selection of priority modes is available to 
the programmer so that the manner in which the requests 
.are processed by the UM8259A-2 can be configured to 
. match his system requirements. The priority modes can be 
changed or reconfigured dynamically at any time during 
the main program. This means that the complete interrupt 
structure can be defined as required, based on the total 
system environment. | 





Figure Та. Polled Method 
Interrupt Request Register (IRR) and In-Service Register 
(ISR) 


The Interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register (IRR) 
and the In-Service Register (ISR). The IRR is used to store 
all the interrupt levels which are requesting service; and the 
ISR is used to store all the interrupt levels which are being 
serviced. 


Priority Resolver 


This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected and strobed into 
the corresponding bit of the ISR during INTA pulse. 





interrupt Mask Register (IMR) 


The IMR stores the bits which mask the interrupt fines to 
be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt request 
lines of lower priority. 


INT (Interrupt) 


This output goes directly to the CPU interrupt input. The 
Мон level on this line is designed to be fully compatible . 
with the 8080A, 8085A and 8086 input levels. Figure 1b. Interrupt Method 
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Data Bus Buffer 

This 3-state, bidirectional 8-bit buffer is used to interface 
the UM8259A-2 to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. . 

Read/Write Control Logic 

The function of this block is to accept OUT put commands 
from the CPU, It contains the Initialization Command 
Word (ICW) registers and Operation Command Word 
(OCW) registers which store the various control formats 
for device operation. This function block also allows 
the status of the UM8259A -2 to be transferred onto the 
Data Bus. 

'CS (Chip Select) 

А LOW on this input enables the UM8259A-2. No reading 
or writing of the chip will occur unless the device is 
selected. 

WR (Write) 

A LOW on this input enables the CPU to write control 
words (!CWs and OCWs) to the UM8259A-2. 


RD (Read) 

А LOW on this input enables the UM8259A-2 to send the 

status of the interrupt Request Register (IRR). In Service 
Hegister (ISR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 
This input signal is used in conjunction with WR and RD 
signals 10 write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the 
address lines, 

The Cascade Buffer/Comparator 
This function block stores and compares the IDs of all 
UM8259A-2's used in the system. The associated three 

` МО pins (CASO—2) are outputs when the UM8259A-2 is 
used as a master and are inputs when the UM8259A-2 is 

used as а slave. As a master, the UM8259A-2 sends the ID 

‚ of the interrupting slave device onto the CASO—2 lines. The 
slave thus selected will send its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA pulses. (See section ''Cascading the 

. UM8259A 2") 





Interrupt Sequence 


“The powerfu! features of the UM8259A-2 in а microcom- 
puter system are its programmability and the interrupt 
routine addressing capability. The latter allows direct or 
indirect jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The 
normal sequence of events during an interrupt depends on 
the type of CPU being used. 


The events occur as follows in an MCS-80/85 system: 

1. One or more of the INTERRUPT REQUEST fines 
(IR7—0) are raised high, setting the corresponding 
IRR bit(s). 


2. The UM8259A-2 evaluates these requests, and sends an 
INT to the CPU, if appropriate. 


0М8259А-2 


3. Тһе CPU acknowledges the INT and responds with ап 
INTA pulse. 


4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
.|RR bit is reset. The UM8259A-2 will also release a 
CALL instruction code (11001101) onto the 8-bit 
Data Bus through its 07-0 pins. 





5. This CALL Instruction will initiate two more INTA 


pulses to be sent to the UM8259A-2 from the CPU 
group. 

6. These two INTA pulses allow the UM8259A-2 to release 
its preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 
INTA pulse and the higher 8-bit address is released 
at the second INTA pulse.. 

7. This completes the 3-byte CALL instruction released 
by the UM8259A-2. In the AEOI mode the ISR bit is 
reset at the end of the third INTA pulse. Otherwise, 
the ISR bit remains set until an appropriate EOI 
command is issued at the end of the interrupt 
sequence. 

The events occurring in an iAPX 86 system are the same 

until step 4. 

4. Upon receiving an ТМТА from the CPU group, the 
highest priority ISR bit is set and the corresponding 

IRR bit is reset. The UM8259A -2 does not drive the 
Data Bus during this cycle. 

5. The iAPX 86/10 will initiate a second INTA pulse. 
During this pulse, the UMB259A-2 releases an 8-bit 
pointer onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the АЕО! 
mode the ISR bit is reset at the end of the second 
INTA pulse. ‘Otherwise, the ISR bit remains set until 
an appropriate EOI command is issued at the end of 
the interrupt subroutine. 

If no interrupt request is present at step 4 of either 

sequence (i.e., the request was too short in duration) the 

UM8259A-2 will issue an interrupt level 7. Both the 

vectoring bytes and the CAS lines will look like an interrupt 

level 7 was requested. 









ADDRESS BUS (IG) 






CONTROL 805 


DATA BUS (8) 


CASCADE 
LINES 





0М8259А-2 









IR JR IR 
6 5 4 


ENABLE BUFFER 


INTERRUPT 
REQUESTS 


Figure 3. UM8259A 2 Interface to Standard 
System Bus 
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Interrupt Sequence Outputs 
MCS-80®, MCS-85® 


This sequence is timed by three INTA pulses, During the 
first INTA pulse the CALL opcode is enabled onto the 
_ дата bus. 
Content of First Interrupt 

Vector Byte 


07 06 05 04 03 02 01 DO 
CALL CODE | 1 1 0 0 1 1 O 1 


During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval «4 bits А; -A4 are programmed, while Ag- A4 
‚ are automatically inserted by the UMB8259A-2. When 
‚ Interval-8 bits only Аб and А, are programmed, while 
Ag-As are automatically inserted. 


Content of Second interrupt 
Vector Byte 


Interval - 4 














07 06 D5 04 03 02 01 DO 


А7 Аб 1 1 1 0 0 0 


During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (Ав - А) ), is enabled 
onto the bus. 


Content of Third Interrupt 
Vector Byte 


07 06 05 04 03 02 01 DO 


iAPX 86, iAPX 88 


iAPX 86 mode is similar to MCS-80 mode except that only 


two interrupt Acknowledge cycles are issued by the 
processor and no CALL opcode is sent to the processor. 
The first interrupt acknowledge cycle is similar to that 
of MCS-80, 85 systems in that the UM8259A 2 uses it to 
internally freeze the state of the interrupts for priority 
resolution and as a master it issues the interrupt code on 
the cascade lines at the end of the INTA pulse, On this 
first cycle it does not issue any data to the processor and 
leaves its data bus buffers disabled. Оп the second 
interrupt acknowledge cycle in iAPX 86 mode the master 
(or slave if so programmed) will send a byte of data to the 
processor with the acknowledged interrupt code composed 
as follows (note the state of the ADI mode control is 
ignored and As-A,, are unused іп iAPX 86 mode): 


Content of Interrupt Vector Byte 
for iAPX 86 System Mode 





Programming the UM8259A-2 


The UM8259A-2 accepts two types of command words 


generated by the CPU: 


1. Initialization Command Words (ICWs): Before normal | 
operation can begin, each UM8259A-2 in the system 
must be brought to a starting point by a sequence 
of 2 to 4 bytes timed by WR pulses. 


2. Operation Command Words (OCWs): These are the 
command words which command the UM8259A-2 to 
operate in various interrupt modes. These modes are: 


а. Fully nested mode 

b. Rotating priority mode 
c. Special mask mode 

d. Polled mode | 


Тһе OCWs сап be written into the UM8259A-2 anytime 
after initialization. 

Initialization Command Words (ICWs) 

General 


Whenever a command is issued with A070 and 04-1, this 
is interpreted as Initialization Command Word 1 (СМЛ). 
ICW1 starts the initialization sequence during which the 
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following automatically occur, 


а. Тһе edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) 
input must make a low-to-high transition to generate 
an interrupt. 

The Interrupt Mask Register is cleared. 

IR7 input is assigned priority 7. 

The slave mode address is set to 7. 

Special Mask Mode is cleared and Status Read is set 
to IRR. 

If IC4=0, then all functions selected т ICWA are set 
to zero. (Non-Buffered mode*, no Ашо-ЕО!, MCS-80, 
85 system). 


maoo 


+ 


*Note: Master/Slave in ICWA is only used in the buffered 
mode. 


Initialization Command Words 1 and 2 (ICW1, ICW2) 


А5-Ав: Page starting address of service routines. In an 
MCS 80/85 system, the 8 request levels will generate 
CALLs to 8 locations equally spaced in memory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a page 
of 32 or 64 bytes, respectively, 


The address format is 2 bytes long (Ао-Ак). When the 
routine interval is 4, Ag-A4 are automatically inserted 
by the UM8259A2. While Ад-А,, аге ` programmed 


NO (SNGL = 1) 


МО (IC4= 0) 


externally. When the routine interval is 8, Ар-А, аге 


automatically inserted by the UM8259A-2, while Ас- Ав 


are programmed externally. 


The 8-руте interval will maintain compatibility with current 
software, while the 4-byte interval is best for a compact 
jump table, 


In an АРХ 86 system А -A, are inserted in the five most 
significant bits of the vectoring byte and the UM8259A-2 
sets the three least significant bits according to the 
interrupt level. | А-А» are ignored and AD! (Address 
interval) has no effect. 


LTIM: if LTIM=1, then the UM8259A-2 will operate in 
the level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 


ADI: CALL address interval. ADI=1 then inter val =4; 
ADI=0 then interval=8. 


SNGL: Single. Means that this is the only UM8259A 2 in 
the system. If SNGL =1 no ICW3 will be issued. 


ІС4: If this bit is set — ICW4 has to be read. If ICW4 
is not needed, set IC4=0. 


_ Initialization Command Word 3 (ICW3) 


This word is read only when there is more than one 
0М8259А-2 in the system and cascading is used, in which 
case SNGL=0. It will load the 8-bit slave register, The 
functions of this register are: 


IN 


CASCADE 


MODE 


YES (SNGL = 0) 
ICw3 


ES (1С4 = 1) 


ІСУ/4 


READY ТО ACCEPT 
INTERRUPT REQUESTS 





· Figure 4. 





Initialization Sequence 
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UMC 
© іі ОМ8259А-2 


ICW1 


Ар 07 Dg Ds 04 Оз D2 D, Do 


1 ICW4 NEEDED 


0 = NO ICW4 NEEDED 





1 = SINGLE 
0 = САЗСАОЕ МОБЕ 


CALL ADDRESS INTERVAL 
1 = INTERVAL OF 4 
0 = INTERVAL OF 8 












1 = LEVEL TRIGGERED MODE 
0 = EDGE TRIGGERED MODE 


A4-As OF INTERRUPT 
VECTOR ADDRESS 


(MCS-B0/85 MODE ONLY) 





ICW2 


Ap D} Dg D 04 Оз D D Oo 
УДАРА I 
T4 Те Ts Та T3 



















А Аз OF INTERRUPT 
VECTOR ADDRESS 
(MCS80/85 MODE) 
Тэ-Тз OF INTERRUPT 
VECTOR ADORESS 


i ICW3 (MASTER DEVICE) 
(8086/8088 MODE! 


Аб D4 Dg Os Од Оз 0; Di Do 


ICW3 (SLAVE DEVICE) 






121R INPUT HAS А SLAVE 
О = IR INPUT DOES NOT HAVE 
A SLAVE 








1 = 8086/8088 MODE 
0 = MCS-80/85 MODE 









1 AUTO ЕО! 
0 = NORMAL ЕО! 











Го Г x |-МОМ BUFFERED MODE 
Г 1 [ 0 |-BUFFERED MODE/SLAVE 
[ 1 | 1.1-BUFFERED MODE/MASTER 


1 =SPECIAL FULLY NESTED 
MODE 
0 = NOT SPECIAL FULLY 


Note: SLAVE ID IS EQUAL TO THE COR RESPONDING NESTED MODE 


MASTER IR INPUT. 


E Figure 5. Initialization Command Word Format 
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а. Іп the master mode (either when 5Р-1, or in buffered 
mode when M/S=1 in ICWA4) а ''1" is set for each slave in 
the system. The master then will release byte 1 of the 
call sequence (for MCS-80/85 system) and will enable 
the-corresponding síave to release bytes 2 and 3 (for 
ТАРХ 86 only byte 2) through the cascade lines. 





b. іп the slave mode (either when 5Р-0, or if BUF=1 and 
M/S=0 in ICWA) bits 2-0 identify the slave. The slave 
compares its cascade input with these bits and, if they 
are equal, bytes 2 and 3 of the call sequence (or iust 
byte 2 for iAPX 86) are released by it on the Data Bus. 


У 


Initialization Command Word 4 (ICW4) 


SFNM: If 5ЕММ-1 the special fully nested mode is 
programmed. 


BUF: ОН BUF=1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable output 
and the master/slave determination is by M/S. 


M/S: If buffered mode is selected: M/S=1 means the 
· UM8259A-2 is programmed to be a master, М/5-0 
means the UM8259A-2 is programmed to be a 

slave. ІҒВОҒ-0, M/S has no function. 


If AEOI=1 the automatic end of interrupt mode 
is programmed . 
ШРМ: — Microprocessor mode: иРМЕО sets the UM8259A-2 


for MCS-80, 85 system operation, иРМ+ 1 sets the 
UMB259A-2 for АРХ 86 system operation. 


AEO!: 


Operation Command Words (OCWs) 


After the Initialization Command Words (ICWs) аге 
programmed into the UM8259A-2, the chip is ready to 
accept interrupt requests at its input lines. However, during 
the UM8259A-2 operation, a selection of algorithms can 
command the UM8259A-2 to operate in various modes 
through the Operation Command Words (OCWSs). 


OCW1 


A0  D7 D6 05 04 03 02 01 






0 R SL ЕО! 0 0 L2 L1 
1 p 





0 0 ESMM SMMO RR RIS 


Operation Control Word 1 (OCW1) 





OCW1 sets and clears the mask bits in the interrupt Mask 
Register (МА). М,—М, represent the eight mask bits. 
M=1 indicates the channel is masked (inhibited), М-0 
indicates the channel is enabled. 


DO | 
1 М7 Mb MS M4 M3 M2 М1 MO 
LO 


UMS259A-2 


Operation Control Word 2 (OCW2) 


R, SL, EOI — These three bits control the Rotate and End 


of Interrupt modes and combinations of the two. A chart 
of these combinations can be found on the Operation 
Command Word Format. 


L5, L1, Lo — These bits determine the interrupt level acted 
upon when the SL bit is active. 
Operation Control Word 3 (OCW3) 


ESMM - Enable Special Mask Моде. When this bit is set 


to ТИ enables the SMM bit to set or reset the Special 
When ESMM=0 the SMM bit becomes а 


Mask Mode. 
"don't саге", 


SMM - Special Mask Mode, If ESMM=1 and SMM=1 the 
UM8259A-2 will enter Special Mask Mode. М ESMM=1 
апа SMM=0 the UM8259A-2 will revert to normal mask 
mode. When ESMM =0, SMM has no effect. 


Fully Nested Mode 


This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are ordered 
in priority from 0 through 7 (0 highest). When an interrupt 
is acknowledged the highest priority request is determined 
and its vector placed on the bus, Additionally, a bit of the 
Interrupt Service register (ISO-7) is set. This bit remains 
set until the microprocessor issues ап. End of Interrupt 
(EOI) command immediately before returning from the 
service routine, or if АЕО! (Automatic End of Interrupt) 
bit is set, until the trailing edge of the last INTA. While 
the IS bit is set, all further interrupts of the same or lower 
priority are inhibited, while higher levels will generate an 
interrupt (which will be acknowledged only if the micro- 
processor internal interrupt enable flip-flop has been 
re-enabled through software). 


After the initialization sequence, | ВО has the highest 
priority and ІН? the lowest, Priorities can be changed, 
as will be explained, in the rotating priority mode. 


End of Interrupt (EOI) 


The In Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence ІМТА 
pulse (when АЕО! bit in ICW1 is set) ог by a command 
word that must be issued to the UM8259A-2 before re- 
turning from a service routine (ЕО! command). An ЕО! 
command must be issued twice if in the Cascade mode, 
once for ttie master and once for the corresponding slave. 


There are two forms of ЕО! command: Specific and 
Non-Specific. When the UM8259A-2 is operated in modes 
which preserve the fully nested structure, it can determine 
which IS bit to reset on EOI. When а Non-Specific ЕО! 
command is issued the UMB259A-2 will automatically reset 
the highest IS bit of those that are set, since in the fully 
nested mode the highest !S level was necessarily the last 
level acknowledged and serviced. А non-specific EO! can 
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0М8259А-2 


OCW1 


INTERRUPT MASK 
1 = MASK SET 
0 = MASK RESET 


ІН LEVEL TO BE 
ACTED UPON 


“Гэ РРГРРГ: 
РЕР 


|о |о | ' | о јот 
о [о [о ПЕРО | 


NON-SPECIFIC ЕО! COMMAND 
SPECIFIC ЕОІ COMMAND 

ROTATE ON NON-SPECIFIC ЕО! COMMAND 
ROTATE IN AUTOMATIC EO! MODE (SET) AUTOMATIC ROTATION 
ROTATE IN AUTOMATIC EO! MODE (CLEAR) 
*ROTATE ON SPECIFIC EO! COMMAND 
*SET PRIORITY COMMAND | 

МО ОРЕВАТЮМ 


ENO ОР INTERRUPT 


SPECIFIC ROTATION 


*L0-L2 ARE USED 


OCW3 


Аб Dy Ds Ds Da D3 02 О, Ос 










ВЕАО НЕСІ5ТЕН СОММАМО 





1 = POLL COMMAND 
0 = NO POLL COMMAND 


SPECIAL MASK MODE ` 


SPECIAL 
MASK 


Figure 6. Operation Command Word Format 
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be issued with OCW2 (ЕО|=1, 51 =0, R70). 


When a mode is used which may disturb the fully nested 
Structure, the UM8259A-2 may no longer be able to 
determine the last level acknowledged.  !n this case a 
Specific End of Interrupt must be issued which includes 
as part of the command the IS level to be reset. A specific 
ЕО! сап be issued with OCW2 (ЕО(-1, 5141, В-О, and 
LO-L2 is the binary level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if the 
UMB259A-2 is in the Special Mask Mode. 


Automatic End of Interrupt (AEOI) Mode 


If AEOI=1 in |СМА, then the UM8259A-2 will operate in 
AEO! mode continuously until reprogrammed by ICWA, In 
this mode the UM8259A-2 will automatically perform a 
non-specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 
second in iAPX 86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure 16 not required within а single 
UM8259A-2. | 


The АЕО! mode can only be used in a master UM8259A-2 
and not a slave. 


Automatic Rotation (Equal Priority Devices) 


In some applications there are a number of interrupting 
devices of equal priority. In this mode а device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst case 
until each of 7 other devices are serviced at most once. 
For example, if the priority and “іп service” status is: 


Before Rotate (IR4 the highest priority requiring service) 


157 156 155 154 153 152 151 150 
“15” Status 0 1 0 1 ооо O 


Lowest Priority Highest Priority 


Priority Status 7 6 5 4 3 2 1 0 


After Rotate |(184 was serviced, all other priorities rotated 
correspondingly) 


| 157 156 155 154 153 152 1651 1505 
2415” Status отоо 0 0 о 


| 


Highest Priority Lowest Priority 


Priority Status 2 1 0 7 6 5 4 3 


There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific EOI Command 
(В-1, SL=0, ЕО|=1) and the Rotate in Automatic ЕО! 


Mode which is set by (R=1, 51-0, ЕО|=0) and cleared by 


(R=0, SL=0, ЕО!=0). 


Specific Rotation (Specific Priority) 


The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if 185 is programmed as the bottom priority device, 
then IR6 will have the highest one. 


The Set Priority command is issued in OCW2 where: 
R=1, SL=1; LO-L2 is the binary priority level code of 
the bottom priority device. 


Observe that in this mode internal status is updated by 
software control during OCW2. However, it is independent 
of the End of Interrupt (ЕО!) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command. 
in OCW2 (В-1, SL=1, ЕО!-1 and 10-12-1В level to 
receive bottom priority), 
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interrupt Masks 


Each Interrupt Request input can be masked individually 
by the Interrupt Mask Register (IMR) programmed through 
OCW1. Each bit in the IMR masks one interrupt 
channel if it is set (1). Ви O masks IRO, Bit 1 masks IR1 
and so forth. Masking an ІН channel does not affect the 
other channels operation. 


Special Mask Mode 


Some applications may require an interrupt service routine 
to dynamically alter the system priority structure during 
its execution under software control. For example, the 
routine may wish to inhibit lower priority requests for a 
portion of its execution but enable some of them for 
another portion. 


The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not | 
reset its IS bit (i.e., while executing a service routine), the 
UM8259A-2 would have inhibited all lower priority requests 
with no easy way for the routine to enable them. | 


That is where the Special Mask Mode comes in. In the 

special Mask Mode, when a mask bit is set in OCW1, it. 

inhibits further interrupts at that level and enables 

interrupts from all other levels (lower as well as higher) | 
that are not masked, 


Thus, any interrupts may be selectively enabled by loading | 
the mask register, 


The special Mask Mode is set by OCW3 where: 55ММ-1, 
УММ = 1, and cleared where SSMM =1, 5ММ-0. 


Poll Command 


In this mode the INT output is not used or the micro- 
Processor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input, Service to devices is achieved 
by software using a Poll command. 
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· The Poll command is issued by setting P-''1" іп OCWS. 
“Тһе UM8259A-2 treats the next RD pulse to the UM8259A-2 
(1. е., RD=0, С5-0 as an interrupt acknowledgement, 
'sets the appropriate IS bit if there is a request, and reads 
the priority level. Interrupt is frozen from WR to RD. 


The word enabled onto the data bus during RD is: 


07 06 05 D4 D3 D2 01 DO 
1 - = ~ — W W WO 


W0-W2: Binary code of the highest priority level 
requesting service. 
I: Equal toa 717 if there is an interrupt. 


This mode is useful if there is a routine command common 
to several levels so that the ІМТА sequence is not needed 
(saves ROM space). Another application is to use the poll 
mode to expand the number of priority levels to more 
than 64. 


LTIM BIT 
0= EDGE 
- LEVEL 


REQUEST 


MCS-80, 85 
MODE 


FREEZE 
INTA 


80С86/80С88 
МООЕ 


FREEZE 
READ IRR 


Notes: 


‚ Reading the UM8259A-2 Status 


The input status of several internal registers can be read to 
update the user information on the system, The following 
registers can be read ма OCW3 (IRR апа ISR ог OCW1 
[IMR]). 


interrupt Request Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be 
acknowledged. Тһе highest request level is reset from the 
IRR when an interrupt is acknowledged. (Not affected 
by IMR .). 


In-Service Register (ISR): 8-0Н register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt Command is issued. 


Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 


TO OTHER PRIORITY CELLS 


PRIORITY 


E R 
IN SERVICE PESENE 


LATCH 


CONTROL 
LOGIC 


INTERNAL 
DATA BUS 


WRITE MASK 
MASTER CLR 
READ ISR 
READ IMR 


1. MASTER CLEAR ACTIVE ONLY DURING ICW1 
2. FREEZE/IS ACTIVE DURING INTA/AND POLL SEQUENCES ONLY 
3. TRUTH TABLE FOR D-LATCH 


C D О OPERATION 
1 Dy Dy FOLLOW 
0 x а,-1 HOLD 


Figure 7. Priority Cell—Simplified Logic Diagram 
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The IRR can be read when, prior to:the RD pulse, a Read 
Register Command is issued with OCW3 (ВВ-1, RIS=0.). 


The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (ВВ-1, В1541). 


There 15 no need to write an OCW3 before every status 
read operation, as long as the status read corresponds 
. with the previous one; i.e., the UM8259A-2 "remembers" 
whether the IRR or ISR has been previously selected by 
the ОСУУЗ. This is not true when poll is used. 


After initialization the UM8259A-2 is set to IRR. 


For reading the IMR, no ОСМЗ 15 needed. The output 
data bus will contain the (МН whenever RD 15 active and 
АО=1 (OCW1). 


Polling overrides status read when P=1, RR=1 іп ОСУУЗ, 


Edge and Level Triggered Modes 
This mode is programmed using bit З in | СУМ. 


If LTIM- 0”, an interrupt request will be recognized by a 
low to high transition on an IR input. The IR input can 
remain high without generating another interrupt. 


If ІТІМ- 17, an interrupt request will be recognized by 
a 'high' level on IR Input, and there is no need for an 
edge detection. The interrupt request must be removed 
before the EOI command is issued or the CPU interrupt 
is enabled to prevent a second interrupt from occurring. 


EARLIEST IR 
CAN BE REMOVED 


80С86/80С88 





The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 


.UM8259A-2. Be sure to note that the request latch is a 


transparent D type latch. 


їп both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA, И the IR input goes low before this time a 
DEFAULT ІН? will occur when the CPU acknowledges 
the interrupt. This can be a useful safeguard for detecting 
interrupts caused by spurious noise glitches on the IR 
inputs, To implement this feature the ІН? routine is used 
for "clean up" simply executing a return instruction, 
thus ignoring the interrupt. И ІН? is needed for other 
purposes a default ІҢ? can still be detected by reading the 
ISR. A normal IR7 interrupt will set the corresponding 
ISR bit, a default ІН? won't. а default ІН? routine 
occurs during a normal IR7 routine, however, the ISR will 
remain set. In this case И is necessary to keep track of 
whether ог not the | В7 routine was previously entered. If 
another ІН? occurs it is a default. 


The Special Fully Nested Mode 


This mode will be used in the case of a big system where 
cascading is used, and the priority has to be conserved 
within each slave. In this case the fully nested mode will 
be programmed to the master (using СИМА). This mode is 
similar то the normal nested mode with the following 
exceptions: 


8080/8085 


80C86/80C88 


L 
*EDGE TRIGGERED MODE ONLY ARMED 


Figure 8. ІН Triggering Timing Requirements 
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a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from higher 
priority IR's within the slave will be recognized by the 
master and will initiate interrupts to the processor. (In 
the normal nested mode a slave is masked out when its 
request is in service and no higher requests from the 
‘same slave can be serviced.) 


b. When exiting the Interrupt Service routine the software 
has to check whether the interrupt serviced was the only 
one from that slave. This is done by sending a non- 
specific End of Interrupt (EOI) command to the slave 
and. then reading its In-Service register and checking for 
zero. М it is empty, a non-specific EOI can be sent to 
the master too. |f not, no EOI should be sent. 


Buffered Mode 


When the UM8259A-2 is used in a large system where bus 
driving buffers are required on the data bus and the 
cascading mode is used, there exists the problem of 
enabling buffers. 


The buffered mode wil! structure the UM8259A-2 to send 
an enable signal on SP/EN to enable the buffers. In this 
mode, whenever the UM8259A-2's data bus outputs аге 


enabled, the SP/EN output becomes active. 


This modification forces the use of software programming 


‚ to determine whether the UM8259A 2 is a master ог a slave. 


Bit З in ICW4 programs the buffered mode, and bit 2 in 
ІСУУ4 determines whether it is a master or a slave. 


Cascade Mode 


The UMB8259A 2 can be easily interconnected in a system of 


one master with up to eight slaves to handle up to 64 
priority levels. 


The master controls the slaves through the 3 line cascade 
bus. The cascade bus acts like chip selects to the slaves 
during the INTA sequence. & 


іп а cascade configuration, the slave interrupt outputs 
are connected to the master interrupt request inputs. 
When a slave request line is activated and afterwards 
acknowledged, the master will enable the corresponding 
Slave to release the device routine address during bytes 
2 and З of INTA. (Byte 2 only for 8086/8088). 


The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
UM8259A-2 in the system must follow a separate initializa- 
Поп sequence and can be programmed to work in a 
different mode, An EO! command must be issued twice: 
once for the master and once for the corresponding slave. 
An address decoder is required to activate the Chip Select 
(CS) input of each UM8259A 2. 


The cascade lines of the Master UM8259A-2 are activated 
only for slave inputs, non slave inputs leave the cascade 
line inactive (low). 


ADDRESS BUS (IB) 


CONTROL BUS 


ЕРЕ А 20110 UM 


DATA BUS (8) 


0М8259А-2 
SLAVEA 


0М8259А-2 
SLAVE B 





UMB259A-2 
MASTER 


INTERRUPT REQUESTS __ 





· Figure 9. Cascading the UM8259A-2 
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UM487 

UM587 
UM6845/A/B 
UM6845R/RA/RB 
UMG845E/EA/EB 
UM70C171/-50/-65 


Description 


PICGA Controller ......................... u... .....T.T... 

УДА БОГОМ ад Еа I... ay aQ 
CHE COMI ODU эгээ apasha Пи е dias С ДА 
CRT ODE банер МОИ 


CRT Controller .... 


Color Palette with Triple 6-Bit DAC 
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PRELIMINARY 


UM 


UM487 





HCGA CONTROLLER 





Features 


= MGA (Hercules) and CGA compatible 
я Built-in 6845 CRTC 
= 64K Bytes of video memory 


General Description 


Тһе UM487 single-chip НССА controller 15 an advanced 
product designed to serve as a combination MGA and CGA 
through the integration of most of the circuits found on 
MGA and CGA cards. Built with the UMC 2um CMOS 
process, the UM487 incorporates a built-in 6845 CRTC 
circuit. Thus, for MGA and CGA functions, only a few 


Pin Configuration 


04 E] 
05 

06 

07 

GND 

IOWB 
82C11CSB 
sws 

SWR 

JMPO 

GND 

Усс 

смо 

PSW 
DATAGATEB 
MEMSELB 
DIR 

AEN 

IORB 
MEMRB 
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Ғііскег-Ғгее operation during CPU read/write 
Minimum circuit board space required 

Display mode changeable using hardware or software 
Optional primary printer port 


externa! components are required to complete the circuits. 
These include: 64K bytes DRAM; 4 TTLs (7415374, 
741$245 741504 апа 741520); one character generator 
(UM2310) and a 16.257 MHz crystal. The UM487 comes 
packaged in a compact, 100-pin plastic flat pack. 





Г] М.С 
GOUT 
J] ROUT 
л VIDOT 
[1 BOUT 
[) IOUT 
J GND 
| | CASB 
| ) HASB 
21 CGLAT | 
LJ Усс 

[-) GND 

Г] IORDY 
LJ MEMWB 
|] GND 
[]WEB 
71507 
71506 
71505 
1504 
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Block Diagram 


MEMSELB 
MEMWB 
MEMRB 


IORB 
IOWB 
AEN 


АО ~ A15 


00—07 


вв ан xe 


IORD Y 
MOSC 
CLOCK 
Osc 
RESET 
RASB 
CASB 
WEB 







МЕМОЋУ 
DECODER 






BASE TIMING 
GENERATOR 








ЏО DECODER 











STATUS 
REGISTER 


CONF IGURATION 
REGISTER 









REGISTER REGISTER 






CPU/CRTC 
ADDRESS 
MULTIPLEXER 









UM 6845R 
C.G. 
READ WRITE ADDRESS 
BUFFER BUFFER BUFFER 









GRAPHIC 
SHIFTER 
х2 


ТЕХТ 
5НІҒТЕН 










VIDEO OUTPUT 
SELECT 






PSW 82C11CSB 


= 
2 
О 
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IOUT 


GOUT 
BOUT 
HOUT 
VOUT 


3-4 


EN | 


DIR 


DATA GATEB 


CGLAT 


JUMPO 


500 ~507 
MDO ~MD7 


CRAO ~CRA3 
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0М487 
Absolute Max imum Ratings * *Comments 
Operating Temperature ............... 0°C to 70°C Stresses above those listed under "Absolute Maximum 
Storage Temperature . .. | —Б5°С to 150°C Ratings" may cause permanent damage to the device. 


These are stress ratings only. Functional operation of 


АН Output Voltages ................ -0.5У to *7V this device at these or any other conditions above those 
All Input Voltages ................. —0.5\ to +7V indicated in the operational sections of this specification 
Supply Voltage Усс.................. OV to +7V is not implied and exposure to absolute maximum rating 

conditions for extended periods may affect device re- 
Power Dissipation ........................ 0.5W liability. 


DC Electrical Characteristics (Voc = 5V + 10%, T4 = 0°C to 70°С) 





Output Voltage (for SQO ^ SO7 
IORDY, RASB, CASB, WEB) 
















AC Characteristics (CGA MODE BASE CLOCK 14.318 MHz, MGA MODE BASE CLOCK 16.257 MHz) 


C—1 CPU Interface 
2- 
DIR, DATAGATEB Active to CPU 1/0 ог | 


2 i DIR, DATAGATEB Non-active to CPU 1/0 ог 
DNC Memory Read/Write Cycle 
5 















MEMRB, МЕМИВ Active to IORDY Low Dely | | | 
MEMWB Active to WEB Active Delay | 10 | | 220 
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C—1 CPU interface (Continued) 


MEMRB Data Output Valid to JORDY 
ома MEMRB Data Output Valid Hold to MEMRB 










о | БЕСІН 
1+ 






С-2 DRAM Interface 


Гэ | sma | тше — 
| 
о 
5 

26 

27 
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Ls | ve НА 
Lm [owe | хетите 0 
за | ма ШИН: 1.21 р — 
т 
Write Data Hold Time to RASB d. 110 


С-3 C.G. Interface 


Cw | sma | emm We 
Сю | ewe ОЕ | 
юм 
ЕЖ 





2 
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2 
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- 
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C. G. Access Time 
Data Output Hold Time from Addr. 


Е Ë 
ce [7] 
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Timing Waveforms 


CPU Interface Timing: 
*1/О Cycle 
АЕМ, 
АО — A9 


IORB, 
IOWB 


(READ) 
DO — D7 


(WRITE) 
DO —D7 


* Memory Cycle 
АО- A15 


MEMCSB 


МЕМВВ, 
МЕММ/В 


IORD Y 


(READ) 
D0 — D7 


(WRITE) 
DO – 07 


МЕВ 


* Виз Transceiver 


AEN, 
ІОВ, 

IOWB, 
MEMRB, 
MEMWB 
DATAGATEB 


AEN, 
'ОРВ, 
MEMRB 


DIR 


AEN, 
IOWB, 


MEMWB - 


DIR 


Ñ ADDR. VALID 


CR 6 
| 


PE 5 


1 
— = 


i 
~ DATA IN VALID 


| 


— 


ADDR. VALID 


413. 
| 


DATA OUT VALID 
Џ 


DATA IN VALID 


| 
| 


| 
| 
re— 12 = 


гө Д = | | 
ОАТА ОЦТ МАЦО 


— лю SO 





| 14 | 
| 








Е 
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Timing Waveforms (Continued) 





DRAM Interface Timing 
*Page mode Read Cycle 


-- 116 а ИБ ——H— 
| 


! 
re шэг , | 


| “7 — [e-t20 — I 
CASB P—— t18 — 


1 1 
| n шинийн el 


1 I 2) It 1 


500-507 ROW ADOR COLUMN ADDR. COLUMN ADDR. ROW ADDR. 


Bree 123 зээг мэ аман, 


re t26 Нь 
MDO — MD? 1 DATA VALID DATA VALID DATA VALID 
! 


u Cep 85 = a 


*Early Write/Read Cycle 


[— 16 --ы------------- 137,538 ------------------- 


! Батыл асы | #48 ( ! 
RASB —— Ее А | NE MCN ПН 


р | ГС A = 1 
уд шым 119 120 1 | 


І 
; И өз wo N Л \ 
CASB = 27 nga = "it 
500-507 "ADDR | COLUMN ADDR. X ROW ADDR, COLUMN ADDR. 
t ! 
| . + 


125 


-- 


MDO – MD7 


WEB 


MDO – MD7 


C.G. Interface Timing: 


CGLAT 


C. G. 
ADDRESS 


| | 
ы. т, 


соо – СО? DATA QUT VALID 
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Pin Description 


| сок | ú | CPU clock generates built-in 6845 enable signal 
3 ШЕШСЕК ү Chip reset signal, active high 
4-7 | __СВАО~СЋАЗ | o | Internal 6845 scan line counter, CRAO is LSB 


8 ~ 15 АО ~ A7 CPU address bits O~ 15, AO is LSB 
18 ~ 25 АВ ~ A15 А15 15 М58 
26 ~ 29 500 ~ 503 

31 504 ~ 507 


: Bd 
5 | ив | о | Active low, video memory write strobe signal 
; КАН 
: MN 
| NON 








Video memory (0ВАМ) address, 500 is LSB 


Active low, CPU memory write signal 
V ideo dot stream output to monitor 
| hor | o | Red signal output to RBG monitor 


GOUT Green signal output to RBG monitor 


VOUT 
HOUT 


CDO ~ СО? 


64 MOSC 
5 


3 
3 
3 Active high, informs CPU cycle is completed 
4 


Code data latch to C. G. during CGLAT rising edge 
Video memory row address strobe signal 
Video memory column address strobe signal 


Intensity signal output to RGB monitor 


42 

43 

45 
Blue signal output to RGB monitor 

47 

48 


49 
52 Vertical synchronous output to monitor 
53 Horizontal synchronous output to monitor 
54 ~ 61 Character Generator (C. G.) data bus, CDO is first pixel 
MGA mode base clock input (16.257 MHz crystal) 


6 CGA mode base clock input (14.318 MHz crystal) 
67 — 74 MDO ^ MD7 I/O Video memory data bus, MDO is LSB 


75 ~ 78 Data bus, DO is LSB 

81 ~ 84 04 ~ 07 

_ ом — [| | | Active low, CPU 1/О write signal 

| 82611698 | о | Active low, printer controller UM82C11 chip select 
ав | Active high, to select CGA mode 

OO wR ЕЕЕ Active high, to select MGA mode 

Select CGA/MGA С. G. character font, '0' for MGA 


WR 
94 PSW Enables primary printer port while PSW is connected to 
UM82C11 CSB рт 
x | bavacares | o 


DATAGATEB Active low, enables external data transceiver 7415245 


1-8 
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Pin Description (Continued) 


І: 


Active low to select video memory while CPU pins A19 ~ A16 
are equal to 1011" 












Controls external bus transceiver 7415245 direction 
'0': Нот UM487 to CPU during IORB or MEMRB active 
'1': from CPU то UM487 during !ОУУВ ог MEMWB active 


Active low to enable 1/О address 


Active low, CPU 1/0 read signal 
Active low, CPU memory read signal 


No connection 


+БМ power supply | 


5 For proper operation, these pins should not be connected. 





17, 36, 85 
39, 44, 93 
63,91 






Register Description 


A. Register: 


ИО Address 













refer to 


— мм __| m 
+. 








3BC R/W Primary printer data register 
Primary printer status register 
| UM82C11 
3BE Primary printer control word register 


means not used 


refer to 
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A-1 Status Register (37A) 


ee ШЕКТІ ҰРЫНЫ 


Non-horizontal sync. period Display active period 
| Horizontal sync. period Non-display period 


Light pen reset Light pen reset 
Light pen set Light pen set 


Light pen switch off Light pen switch off 
Light pen switch on Light pen switch on 


Video dot off Non-vert. sync. period 
Video dot on Vertical sync. period 


Vertical sync. period 
Non-vertical sync. period 





Bits 4, 5 and 6 not used 


A-2 Mode Controller Register (3?8) 











MGA (3B8) CGA (3D8) 


T S25 Tot 


80*25 Text 
Text 


Graphic {while ЗВЕ БИО = 1) 

















Text 
Graphic 









Color mode 
Black/white 













Disable video 
Enable video 


Disable video 
Enable video 










320*200 Graphic 
640*200 Graphic 










Disable blink 
Enable blink 





Disable blink 
Enable blink 









Disable change mode 
Enable change mode 






Disable change mode 
Enable change mode 





Page 0 
Page 1 (while ЗВЕ bit 1 = 1) 






0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
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A-3 Color Select Register (3D9 CGA Only) 


In 40*25 text, select blue of border color 

In 320*200 graphic, select blue of back- 
ground color 

In 640*200 graphic, select blue of foreground 
color 


In 40*25 text, select green of border color 

іп 320*200 graphic, select green of back- 
ground color 

In 640*200 graphic, select green of fore- 
ground color 


In 40*25 text, select red of border color 
In 320*200 graphic, select red of background 


color 
In 640*200 graphic, select red of foreground 
color 


[п 40*25 text, select intensity of border color 
In 320*200 graphic, select intensity of 
background color 
In 640*200 graphic, select intensity of 
foreground color 


Text mode background color or 
Graphic mode foreground color 


Select foreground color pair (only 320*200 
graphic) 





Bits 6, 7 not used 


A-4 Configuration Register (3BF) 


Disable MGA graphic 
Enable MGA graphic 





А-5 Internal Registers of 6845 (Refer to UM6845R/RA/RB 
Data Sheet) 


Horizontal display 


Sync. pulse width 
Vertical total 2-1 


Vertical total 
adjust 
учөө [к= | w 
Vertical sync. LAE 
Dee | — 


Start address (1) ЕЧ 
Cursor address (Н) EE. 


Register Read 


Write 










Horizontal sync, 


N 


position 





20 
ол 


- o 





position 





Cursor address (1) 
Light pen address (H) 
Light pen address (L ) 








Disable MGA page 1 
Enable MGA page 1 


Select MGA mode (while 3D8 bit6 » 1) 
Select CGA mode (while 388 bit6 = 1) 





Other bit not used 
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Functional Description B—3 Program Listing 


В-1 By HARDWARE NCOMN 


The MGA mode is selected when SW1 pin 2 is connected 
to pin 3, otherwise CGA mode is active if SW1 pin 2 
15 connected to pin 1. 


В-2 By SOFTWARE 


The software changes display mode only if SW3 pin 2 
is connected to pin 3 and 3?8 bit 6 is equal to high. (where 
? is D or B) 


Program Flowchart: 


START 
MMM: 
DISABLE ы 
VIDEO OUTPUT 
| READ SYSTEM 
CONFIGURATION REGISTER 
| #2». 388 BIT 6 = 1 
3BF ВІТ 6 = 1 


3D8 BIT 6 = 1 
3BF ВІТ 6 = 0 








ССС: 


ОРОАТЕ 5Ү5ТЕМ 
CONFIGURATION REGISTER 





CALL BIOS ТО SELECT 
SUITABLE DISPLAY 


MODE 





END: 
NCOMN 
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РВОС 
ASSUME 
PUSH 
MOV 
PUSH 
PUSH 
POP 
MOV 
MOV 
MOV 
MOV 
MOV 
INT 
MOV 
INT 
CMP 
JZ 
ЈМР 
МОМ 
МОМ 
OUT 
MOV 
OUT 
MOV 
MOV 
MOV 


AND 
OR 


MOV 
MOV 
MOV 
INT 

JMP 

MOV 
MOV 
OUT 


: MOV 


MOV 
OUT 
MOV 
MOV 
MOV 
AND 


OR 


MOV 
MOV 
MOV 
INT 
RET 
ENDP 


NEAR 


CS: CODE, DS: DATA, SS: STACK 


DS 

AX,0 

AX 

CS 

DS 

AL, 20H 
CX, 07DOH 
Вн, 0 

Ви, 07 
АН, 09 
тон 

АН, ОЕН 
10H 

AL, 07 
MMM 
CCC 

AL, 40H 
DX, 3B8H 
DX,AL | 
DX, 3BFH 
DX, AL 
AX,0 
DS, AX 


AL, [410] | 


АГ, СЕН 
AL, 20H 


[410], AL 
АН,0 
AL,3 
10H 

END 

AL, 40H 
DX, 3D8H 
DX, AL 
AL, 0 
DX, 3BFH 


_ ОХ, AL 


АХ, 0 
ОХ, АХ 
АГ, [410] 
AL, СЕН 
АГ, ЗОН 


[410], AL 
АН, 0 
AL, 7 
10H 


; clear video memory 
; read video state 


; MGA mode? 


; MGA mode 
; enable change mode 


; change to CGA mode | 


; read BIOS configura- 
tion register 
; isolate bits 4,5 
update BIOS con- 
figuration register 
; to CGA mode 
; select CGA 


; CGA mode 
; enable change mode 


: change to MGA mode . 


; update BIOS con- 
figuration register 

; to MGA mode 

; select MGA 








(ме 


Application Circuits 


UM487 





Ilt 


ТҮРТТІ? 


5 
bebe Ë 5 
ВЕС, егергере 


PRINTER 
PORT 


235323315 


рани 


02 uw82Cut 


93 
04 





Тһе 741 504 is used for crystal circuit 
The 741520 decodes CPU A19 ~ A16 to generate MEMCSB while МСА or СВА video memory is selected 
The 7415245 is data transceiver between CPU апа UM487 
Тһе 7415374 latches code data to С. 6. during text mode 
SW1 3 2 1: MGA mode 
SW1 32 1: CGA mode 
SW2 is connected while primary printer port is selected 
7. SW3 32 1: Enable change mode by software 
3 2 1: Disable change mode by software 


ок ое Өз Fo: = 


о 
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Application Circuits 


OR WN > 


o 


PRINTER 


$ 588 


$ HP 33 


3 


gsv 
106 
905 
%05 
705 
cos 
205 
105 
005 
ме 
95211 


о 
2 2472122122171414 


О-чотиог юг O — 
Qm == өх эв өв — у= уз 


© ~“ 
898898892938985398 


16 MHz osc for MGA mode 

The 741520 decodes CPU A19 ~ A16 to generate MEMCSB while MGA ог CGA video memory is selected 
The 7415245 is data transceiver between CPU and UM487 

The 7415374 latches code data to C. 6. during text mode 

SW1 321: MGA mode 

SW1 321: CGA mode 

SW2 is connected while primary printer port is selected 

SW3 321: Enable change mode by software 

SW3 321: Disable change mode by software 
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Ordering Information 








[ mw [юш _ 
UM487F 100 Pin ОЕР 
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VGA Controller 





Features 
в Single chip VGA video graphics device fully compatible Provides 800 x 600 element high-resolution graphics 
in the following systems: with 16 colors 
— ІВМ PC/AT, PC/XT, PS/2 m Flicker-free operation in all video modes 
— IBM МСА (А! modes) | в Supports 132-column text modes 
— ІВМ BIOS (Basic input/output system) m Supports both digital and analog monitors 


General Description 





The UM587 is a single chip, high-integration, high resolu- The UM587 also is fully compatible with ІВМ УСА (ай 
tion graphics device designed for use in IBM PS/2 model modes). Hercules graphics, EGA, CGA, MDA and IBM 
30, PC/AT and PC/XT compatible systems. 1 provides BIOS. It is flicker free in all modes and supports an ex- 
high resolution graphics of 800 x 600 elements with 16. ternal digital-to-analog look-up table. 

colors. 


Pin Configuration 


EDBUF ОАО УСС ОАЗ DAS DAB РСЕК DACW VSYNC РО 
! | 

DIR ш U | ОА1| DA2 | бА4 | GND | ОА? (БАСА САнКнзүмс 

| і | | NE 




























0099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 





RTIN P1 

RESET | , 80 [22 

SWITCH 3 78 ІРЗ 
МЕ и 77 424 
3916 76 ЕВ 
2101 6 75 |Р6 
an] 7 74 ЇЕ7 
A12] д 73 | мбо 
A14] 10 71 | МОТ 
Ais} |, 7o | 102 


12 68 
13 68 
14 67 
+ UM587 3i 
16 “65 


w 17 64 | МО6 
CC | 18 вз | МО7 
5 52 [pa 

МА 


20 61 


ГОНО мод 
60 | 
VCLK3 2 69 | МО10 
VCLK2 68 [МСС 
23 
VCLK1 


24 57 
25 56 
26 55 
2? 54 


WE MD 15 
: 5 

ди“ 28 3 Їмо16 
=> 1 29 52 

OE MD17 


0 51 
32 33 34 35 36 37 3839 40 41 42 43 44 45 46 47 4849 50 


| | 
GNO RASi| RAS3| мОЗО мов MD27 | MD25| MD23| MD21 | МО19 
RASO RAS2 MD31 MD29 GND MD26 М024 MD22 MD20 МО18 
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System Block Diagram 
































AEN IORD КЕРІ PLANE/O — 
REFRESH (буун RE 64K BYTE 
8 БҮР VMRD (зей ADDRESS 
Siw | 
INTERFACE 
SMR ASEL Bi 
RAS 
cae. САМЕ MD8-MD15 





WE бАКВҮТЕ DATA 


5А8-5А16 OE ADDRESS 


EABUF 


its PLANE/2 MD 16-MD23 
НЕ 





5А0-5А19 МЕ 64К ВҮТЕ 
HT OW ADDRESS 
PLANE/3 MD24-MD81 
64K BYTE 
500-507 DA0-DA7| ADDRESS 
Ë T G 
UM70C171 





RED 
VCLKO GREEN 10 
DISPLAY 

VCLK1 BLUE 
VCLK2 
VCLK3 
EXCLK 

VSYNC VSYNC 

HSYNC HSYNC 
RESET 
SWITCH 


AUXILIARY VIDEO CONNECTOR 
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MODE TABLE 





40 x 25 
80 x 25 
80 x 25 


40 x 25 
40 x 25 
80 x 25 
80 x 25 


40 x 25 
40 x 25 
80 x 25 
80 x 25 


2^ 
х 
а 
80 х 25 5 
80х25 





320 х 200 
320 х 200 
640 х 200 


320 х 200 
640 х 200 
640 х 350 
640 х 350 
640 х 480 
640 х 480 
320 х 200 


132 х 25 
132 х 43 
800 х 600 





Remarks: (1) Моаеѕ 0, 1, 2,3 0*,1*,2*,3* 0+, 1+, 2+, 3+ differ іп CharBox size and display scan lines. 


(2) Mode 3+ ог 7+ is the default mode at power-up time. 








53-57, 59, 
60, 62 


63, 64, 66, 
67,69-71,73 
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/о Description | 


Display vertical retrace interrupt. An active low open collector. 
System reset signal, active high. 

Signal that detects the type of monitor. 

CPU address bus bits 8 through 16. 

Active high, to select VGA address to decode. 

Non maskable interrupt. An active low open collector. 


An open collector active high output. Signals processor that it is 
ready for memory access. 


Active low, video memory write signal. 

Active low, video memory read signal. 

Active low, |/O write signal. 

Active low, 1/О read signal. 

35.5 MHz input clock signal. 

Reserved 

28.322 MHz input clock signal. 

25.175 MHz input clock signal. 

External clock signal. 

Read DIP switch control signal. 

Video memory write enable. An active low signal. 
Column address strobe to all planes. An active low signal. 
Output enable signal to memory. И is active low. 


Row address strobe to planes 0-3. An active low signal. 


= 
O 


Display memory address/data time multiplexed bus line 7-0, inter- 
face to video memory plane 3. 


| 1/0 Display memory address/data time multiplexed bus line 7-0, inter- 
face to video memory plane 2. 


1/0 Display memory address/data time multiplexed bus line 7-0, inter- 
face to video memory plane 1. 


1/0 Display memory address/data time multiplexed bus line 7-0, inter- 
face to video memory plane 0. 


Video color look up table address bits 7-0. 

Horizontal SYNC signal for monitor. 

Vertical SYNC signal for monitor. 

An active low blanking signal to external palette chip. 


An active low 1/О write signal for external palette chip (256 color 
look up table). 
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Pin Description (Continued) 









Functional Description 


Introduction 


The single chip VGA is a standard video graphic controller 
for PS/2 model 30 and PC/XT/AT systems. Compared 
to earlier version video graphic controllers, several new 
features have been added, including higher resolution 
(640 x 480), new video mode, 256 color support for 
320 х 200 graphics mode, up to 64 shades of grey dis- 
play for monochrome monitors, and eight fonts loaded 
into video RAM simultaneously. 


The host can access both VGA registers and video me- 
mory by setting the bus address and read/write commands 
to read or write 8-bit data. Video RAM and screen re- 


fresh activities occur concurrently and independently 


by assigning appropriate memory access cycles to each 
of them. 


Most registers are readable so that BIOS and driver software 
are able to determine current state of video. in the basic 
configuration, 256K bytes of memory are needed as the 
display buffer. Four planes of video memory аге соп- 
trolled by four different-RAS (Row Address Strobe) 
signals and one-CAS (Column Address Strobe), one WE 
(Write Enable), one OE (Output Enable) Signal. The Video 
data bus is time multiplexed with the video address bus in 
a way that outputs RAS and CAS address early in the me- 
mory cycle and inputs 8-bit data for read or outputs 8- 
bit data for write late in the memory cycle. 


NMI (Non-Maskable Interrupt) is generated by trapping 


| An active low 1/О read signal for external palette chip (256 color 

| look up table). | 

| Pixel clock signal for external palette chip (256 color look up 

table). 

88, 89, 91-94 DA7-DAO Multiplexed address/data bus bits 7 through O. 
96, 97 


Active low, enable external! address buffer. 
Active low, enable external data buffer. 
Control signal for bidirectional data bus transceiver. 


58 VCC Power: +5V Supply | 
95 
> 7... ИИК 






some particular 1/О ports so that backward compatibility 
can be done through the BIOS. The VGA стр will provide 
a 'DiRectional' signal to control the data flow to the 
system data bus for CPU Read or Write. 


Major Components 


There are four major components of the UM587 contained 
in a single 100-pin plastic flatpack. They are described 
below: 


CRT Controller 


The UM587 CRT Controller provides synchronization 
control, timing generatlori and supplies video memory 
address to display memory. Flexible timing configura- 
tion options are allowed by accessing 1/О registers through 
software control. During the blanking period, an 8-bit 
refresh counter is placed on the memory address lines. 
A split screen feature is also provided to allow two win- 
dows. 


Sequencer 


The ОМ587 Sequencer takes саге of basic memory timing 
for the display memory and the character clock for the 
control of memory fetches. 


The intelligent state machine in the Sequencer autom- 
atically assigns appropriate memory access cycles to both 
the CPU and CRT Controller during active display period. 
The sequencer can also protect the entire memory plane 
by selectively masking out planes through the Mask 


3—21 





(Доме 





UMS87 





register. 


Graphics Controller 


The Graphics Controller provides a data path for both 
CPU Read/Write and CRT Read access to the display 
memory. For CRT access it directs data to the Attribute 
Controller while the CPU access directs data to the system 
bus instead. № handles two basic modes: alphanumeric 
and graphics. In the alphanumeric mode, the data is sent 
in parallel directly to the Attribute Controller. In the 
graphics mode the memory data is shifted out serially 
to the Attribute Controller. The data formatting and 
manipulation are implemented for various modes. Color 
comparator is provided for fast color comparison in the 
application of color painting modes. Since the Graphics 
Controller can process 32-bit data (8-bits from each plane) 
at a time, a fast color presetting and area fil! operation 
can be achieved. 


Attribute Controller 


Тһе UM587 Attribute Controller provides video shifting, 
attribute processing and an internal palette of 16 colors 
selectable from a possible 64 colors. Pixel panning is 
also provided for both graphics and text modes. Under- 
line, cursor and blinking logic are interpreted and man- 
ipulated here. The final output of the Attribute Controller 
is an 8-bit wide color data that is sent to the external 
color look-up table for final color mapping. 


Memory and Clock Consideration 


In basic configuration, eight 64K x 4-bit dynamic RAM's 
should be used to configure 256K bytes of video me- 
mory. Тһе supported DRAM and CLOCK speeds are 
related to the graphics resolution as shown in Table 1. 


Table 1. Resolution Requirements 
Dram 
Clock 

Resolution 
Colors 


720 х 400 | 640x 480 | 800 x 600 


VGA Registers 


А! registers in the УСА сап be categorized into six 
groups for the different function blocks in the hardware. 
іп the UM587 УСА chip, the system microprocessor data 
latches are readable for faster save and restore of the VGA 
state in the VGA BIOS. The VGA also provides the system 
microprocessor interface for the video DAC (external 
color palette chip). The DAC has one address register 
which can be accessed through address hex ОЗС7 for 





read, and hex 03С8 for write. Table 2 lists the registers 
and the 1/О address where they are located. М also lists 
whether or not they are Read/Write, Read-Only, or Write- 
Only. 


Note that the PEL Mask Register must not be written to 
by application code or destruction of the color look-up 
table may occur. 


Table 2. VGA Registers 


Register Grou R/W Mono Color 


General Registers 
W 
R 
RO 
RO 
W 
R 
RW 
R 


Miscellaneous 
Rw | 03С4 03С4 
Rw | 03С5 0365 
RW | 0384 0304 
ВИ | 0385 0305 
RW |  OGCE ОЗСЕ 
RW| ОЗСЕ ОЗСЕ 
RW 
W 
R 
RW | 03DE 
RW | ОЗОЕ 


RW 
WO 
RW 
HW 


This section describes all the general registers. The output 
is controlled by bit O of the Miscellaneous Output Re- 
gister. 













Input Status 0 
Input Status 1 
Feature Control 


VGA Enable 
DAC State 









Sequencer Registers 
Address Register 
Data Registers 









CRTC Registers 
Address Register 
Data Registers 








Graphics Registers 
Address Register 
Data Registers 










Attribute Registers 








Address Register 03С0 ОЗСО 
Data Registers 03С0 03С0 
03C1 03С1 





Extended Registers 
Address Register 
Data Registers 








ОЗОЕ 
ОЗОҒ 





DAC Registers 
PEL Address (Write) 
PEL Address (Read) 
PEL Data Registers 

PEL Mask 










General Registers 
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Miscellaneous Output Register 


Read-03CC 

Bit Description 

Vertical Sync Polarity 
Horizontal Sync Polarity 
Page Bit for Odd/Even 
Reserved 

Clock Select bit 1 

Clock Select Bit O 
Enable RAM 

I/O Address Select 


Write-03C2 


СО — N о) > Q о) ~ 


Table 3. General Registers 


Miscellaneous Output 
Input Status O 

Input Status 1 
Feature Control 
МОА Enable 

DAC State 


Reserved 
400 lines 
350 lines 
480 lines 





Bits 7,6 The Polarity of Vertical/Horizontal Sync is 
used to select the vertical size as shown in 


Table 4. 


Bit 5 Selects between two pages of memory when 
in the Odd/Even modes (modes 0-5, 7). A 
logic O selects the low page of memory; a 
logic 1 selects the high page of memory. This 
bit is provided for diagnostic use. 


Bit 4 Reserved 


Bits 3,2 These two bits select the clock source. In 
UM587 VGA the third bit is defined in ex- 
tended register and used with these two bits 
to select a wider range of clock sources for 


different video modes. See Table 5. 


Bit 1 А logic 0 disables Video RAM address decode 


from the system microprocessor; a logic 1 
enables Video RAM to the system imicropro- 
Cessor 


Bit 0 A logic 0 sets CRTC addresses to Hex 03BX 
and Input Status Register O's address to ОЗВА 
for Monochrome emulation. A logic 1 sets 
CRTC addresses to Hex ОЗОХ and Input 
Status Register 05 address to Hex O3DA 
for color emulation. 


Table 5. Clock Registers 


иг. нас SENI 
0 


"25.175 MHz 
28.322 MHz 
External Input Clock 
Reserved 
14.318 MHz 
16.257 MHz 
Reserved 
35.5 MHz 

















Input Status Register 0 


Read-Only Address - 03C2 
Bits Description 

7 CRT Interrupt 

6,5 Reserved 

4 Switch Sense Bit 

3-0 Reserved 

Bit 7 A logic 1 indicates a vertical retrace interrupt 


5 pending. А logic О indicates the vertical 
retrace interrupt is cleared. 


Bit 6,5 Reserved 

Bit 4 This bit allows the power-on initialization 
to determine if a monochrome or color mon- 
itor is connected to the system. 

Bit 3-0 Reserved 


Input Status Register 1 


Read-Only Address - 03?A 
Bit Description 

7,6 Reserved 

5 Diagnostic O 

4 'Diagnostic 1 

3 Vertical Retrace 

2,1 Reserved 

0 Display Enable 

Bits 7,6 Reserved 

Bits5,4 These two bits are used for diagnostics. They 


are connected to two of the eight color out- 


3—23 





Соме 


0М587 





puts of the Attribute Controller. The two 
bits defined in the Color Plane Enable Re- 
gister to control the multiplexer for color 
output wiring as described in Table 6. 


Bit 3 A logic 1 occurs during a vertical retrace 
interval. A logic O shows the video informa- 
tion is being displayed. 


Bits 2, 1 Reserved 


Bit O A logic 1 indicates a horizontal or vertical 
retrace interval. A logic O indicates that the 
internal Display Enable Signal is active. To 
avoid glitches in the display, some programs 
use this status bit to restrict screen updates 
to de-activate display intervals. The VGA 
has been designed to eliminate this software 
requirement, so display screen updates may 
be made at any time. 


Table 6. Register Bits 


Input Status 1 
Register 


Color Plane 
Register 


Bit 5 ^. Bit4 Bit 5 Bit 4 


Feature Control Register 


Read - ОЗСА Write = 03?А 
Ви Description 

7-4 Reserved 

3 Vertical Sync Select 

2-0 Reserved 

Bits 7-4 Reserved 

Bits 3 This bit should always be set to 0 to enable 


normal vertical sync output to the monitor; 
when bit 3 = 1, the “vertical sync” output 
is the logical OR of “vertical sync" and “уег- 
tical display enable”. 


Bits 2-0 Reserved 


Video Subsystem Enable Register 


Read-03C3 Write-03C3 
Bit Description 

7-1 Reserved 

0 Video Subsystem Enable 

Bits 7-1 Reserved 





Bit O A logic 1 enables video 1/О and memory 
address decoding. A 0 disables the video 1/О 
and memory address decoding. 


Sequencer Registers 


This section describes registers in the Sequencer Control 
block. See Table 7. 


. Table 7. Sequencer Registers 


Sequencer Address — 








Reset 
Clocking Mode 

Map Mask 

Character Map Select 
Memory Mode 


Sequencer Address Register 


Read-03C4 Write-03C4 

Bit Description 

7-3. Reserved 

2-0 Sequencer Address 

Bits 7-3 Reserved 

Bits 2-0 A binary value pointing to the register where 


data is to be written or read. 


Reset Register 


Port = 03C5 Index 0 

Bit Description 

7-2 Reserved 

1 Synchronous Reset .— 

0 Asynchronous Reset 

Bits 7-2 Reserved 

Bit 1 A logic O directs the sequencer to synchro- 


nously clear and halt. Bits 1 and 0 must be 
1 to allow the sequencer to operate, This bit 
must be set to O before changing either bit 
3 or bit O of the Clocking Mode register, or 
bit 3 or bit 2 of the Miscellaneous Output 
Register, or bit 5, bit 4 or bit 3 of the Band- 
width Control Register. 


Bit 0 A logic 0 directs the sequencer to asychro- 
nously clear and halt. Bits 1 апа 0 must both 
be 1 to allow the sequencer to operate. Reset- 
ting the sequencer with this bit can cause 
data loss in dynamic RAMs. 
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Clocking Mode Register 

Port = 03C5 Index 1 
Bit Description 

7,6 Reserved 

5 Screen Off 

4 Shift 4 

3 Dot Clock 

2 Shift Load 

1 Reserved 

0 8/9 Dot Clocks 

Bits 7,6 Reserved 

Bit 5 When set to 1, this bit turns off the video 


screen and assigns maximum memory band- 
width to the system CPU. A logic 0 puts the 
screen into normal operation. When this bit is 
set the screen is blanked. The synchronization 
pulses are maintained. This bit is used for 
fast full-screen updates. 


Bit 4 When set to 1, the internal shift load registers 
are loaded every fourth character clock. When 
set to 0, they are loaded every character clock. 
When 32 bits are fetched each cycle and used 
together in the shift registers, this mode is 
useful. 

Bit 3 А logic 0 selects normal dot clock directly 
from the sequencer master clock input. A 
logic 1 will select master clock divided by 
two as dot clock. Normally, dot clock divided 
by two is used for 320 and 360 horizontal 
resolution modes. 

Bit 2 When set to 1, the internal shift load registers 
are loaded every other character clock. When 
set to 0, and bit 4 is set to 0, the internal 
shift load registers are loaded every character 
clock. This mode is useful when 16 bits are 
fetched per cycle and chained together in 
the shift load registers. 


Bit 1 
Bit O 


Reserved 


А logic 0 directs the sequencer to generate 
nine dot wide character clocks. A logic 1 
generates eight dot wide character clocks 
from the sequencer. Nine dots are selected for 
alphanumeric modes only. For nine dot modes, 
the ninth dot equals the eighth dot for ASCII 
codes СО through DF hex. Also, see the Line 


Graphics bit in Mode Control Register in 
the Attribute section. 

Map Mask Register 

Port = 0305 ` Index = 02 

Bit Description 

7-4 Reserved 






3 Map 3 Enable 

2 Мар 2 Enable 

1 Map 1 Enable 

0 Мар 0 Епарје 

Bits 7-4 Reserved 

Bits 3-0 А logic 1 enables the CPU to write to the cor- 


responding memory map. These bits are used 
to write protect any memory map. When 
al! four bits are logic 1, a 32-bit write operation 
can be performed by the CPU with only one 
memory cycle. This is useful for intensive 
screen updates in graphics modes. For odd/ 
even modes, maps O and 1, and maps 2 and 
3 should have the same map mask value. 
When chain 4 mode is selected, all maps should 
be enabled. This is a read-modify-write opera- 
tion for CPU write. 


Table 8. Map Select (1) 


Мар | Table Location 


1st 8K of Map 2 
3rd 8K of Мар 2 
5th 8K of Мар 2 
7th 8K of Map 2 
2nd 8K of Map 2 
4th 8K of Map 2 
5th 8K of Мар 2 
8th 8K of Map 2 










----5555 
еее 


ч O) O + Q N о 










Table 9. Map Select (2) 


Table Location 


1st 8K of Map 2 
3rd 8K of Map 2 
5th 8K of Map 2 
7th 8K of Map 2 
2nd 8K of Map 2 
4th 8K of Map 2 
6th 8K of Map 2 
8th 8K of Map 2 










----езее 
сенной 
season- ol 


Character Map Select Register 


Port = 03С5 Index = 03 
Bit Description 

7,6 Reserved 

5 Character Map Select High Bit A 

4 Character Map Select High Bit B 

3,2 Character Map Select A 
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1,0 Character Мар Select В 
Bits 7,6 


Bits 5,32 Selects font table from map 2 according to 
Table 8 when attribute bit 3 isa 1. 


Reserved 


Bits 4,1,0 Selects font table. from map 2 according to 
Table 9 when attribute bit З is a 0. 


Note: Bit 3 of the attribute byte normally controls the 
ON/OFF of the foreground intensity in text modes. This 
bit however, may be redefined ава switch between 
character sets, For this feature to be enabled, the following 
statement must be true: 


* The setting value of Character Map Select A does not 
equal the value of Character Map Select B. 


Memory Mode Register 


Port = 03С5 Index = 04 

Bit Description 

7-4 Reserved 

3 Chain 4 

2 Odd/Even 

1 Extended Memory 

0 Reserved 

Bits 7-4 Reserved 

Bit 3 A logic O enables the CPU to access data se- 


quentially within a bit map by use of the 
Map Mask Register. A logic 1 causes two 
low-order address bits (AO, A1) to select the 
map that will be accessed in Table 10. 


For read operation from the CPU, these two bits are also 
used to select the read maps in the graphics section. 


Bit 2 A logic 0 directs even CPU addresses to access 
maps O and 2, while odd CPU addresses access 
maps 1 and 3, A logic 1 causes access to data 
within a bit map sequentially. 


Bit 1 A logic 1 shows that greater than 64K bytes 
of video memory is being used. This is set 
to permit the VGA to use the 256K bytes of 
video memory. This also enables the character 
map selection. (See Character Map Select 
Register.) 


Bit 0 Reserved 


Table 10. Map Select (3) 


Map Selected 








CRT Controller Registers 


This section describes ай the registers in the CRT Con- 
troller. See Table 11. 


Table 11. CRT Controller Registers 










Register Name 


1 
: 


index 


: 
7 
= 
а 
z 
2 

Cursor Location High OE 
: 
I 








а 
г 
5 
s 
7 


? < B of D in accordance with Bit О of Miscellaneous Out- 
put register. 
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CRT Controller Address Register 


Port = 324 

Ви Description 

7-6 Reserved 

5 Test Bit, must 0 

4-0 CRTC Address 

Bits 7,6 Reserved 

Bit 5 Test bit, must remain O. 

Bit 4-0 Binary value programmed in these bits selects 


one of the CRT Controller registers where 
data is to be accessed. 


Note: All CRT Controller Registers are Read/Write re- 
gisters. 


Horizontal Total Register 


Port - 0325 Index = 0 
Ви Description 
7-0 Horizontal Total (-5) 


In the CRT Controller, there is a horizontal character 
counter which counts character clock inputs generating 
from the Sequencer and compares against the value of the 
horizontal registers to provide horizontal timings. The 
horizontal total defines the total number of characters 
in the horizontal scan interval including the retrace time. 


Bits 7-0 The total number of characters minus 5. 


Horizontal Display Enable End Register 


Port = 0325 Index = 01 
Ви Description 
7-0 Horizontal Display Enable End (—1) 


This register defines the length of the horizontal display 
enable signal. |t determines the number of displayed 
character positions per horizontal line. 


Bits 7-0 Total number of displayed characters minus 
1. 


Start Horizontal Blanking Register 


Port = 0325 Index = 02 

Ви Description 

7-0 Start Horizontal Blanking 

Bit 7-0 These 8-bit values determine when to start 


the internal horizontal blanking output signal. 
When the internal character counter reaches 
this value, the horizontal blanking signal be- 
comes active. 


End Horizontal Blanking Register 


Port = 0325 Index = 03 
Ви Description 
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7 
6-5 


4-0 
Bit 7 
Bits 6,5 


Bits 4-0 


Test Bit 
Display Enable Skew Control 


End Blanking 
Test Bit 


Bits 6 and 5 indicate the magnitude of dis- 
play enable skew. Display enable skew control 
is necessary to give adequate time for the 
CRT Controller to interrogate the display 
buffer in order to obtain a character and 
attribute code. 1% must also access the character 
generator font, and subsequently access the 
Horizontal PEL Panning register in the At- 
tribute Controller. The display enable signal 
must be skewed one character clock unit for 
every access. This allows the video output 
to be in synchronization with the horizontal 
and vertical retrace signals. See Table 12. 


A binary value programmed in these bits is 
compared to the six least-significant bits of 
the horizontal character counter to determine 
the status of the horizontal blanking signal. 
The comparison is equal at the time the 
horizontal blanking signal becomes inactive. 
Use the following algorithm to calculate the 
width W of blanking signal: 


Value of Start Blanking register + width of 
blanking signal in character clock units - 6- 
bit result to be programmed into these bits. 
Bit number 5 is located in the End Horizontal 
Retrace register. 


Table 12. Skew 


Amount of Skew 





Start Horizontal Retrace Register 


Port » 03?5 


Bit 


7-0 


Bits 7-0 


Index - 04 


Description 
Start Horizontal Retrace 


This register 15 used to center the screen 
horizontally and to specify the character 
position at which the Horizontal Retrace 
Pulse becomes active. The value programmed 
is a binary count of the character position 
number at which the signal becomes active. 





(Доме 





0М587 





End Horizontal Retrace Register 


Port - 03?5 Index - 05 
Bit Description 

7 End Horizontal Blanking, bit 5 

6,5 Horizontal Retrace Delay 

4-0 End Horizontal Retrace 


This register specifies the character position at which 
the Horizontal Retrace Pulse becomes inactive. 


Bit 7 This is bit number 5 of End Horizontal Blank- 
ing. The first four bits are located in the End 
Horizontal Blanking register (index hex 03). 


Bits6,5 These bits control the skew of the Horizontal 
Retrace signal. See Table 12. 
Bits 4-0 A value programmed here is compared to the 


five least-significant bits of the horizontal 
character counter. When they are equal, the 
horizontal retrace signal becomes inactive. 
Use the following algorithm to calculate the 
width W of the retrace signal: 


Value of Start Horizontal Retrace Register + 
Width of Horizontal Retrace signal in character 
clock units = 5-bit result to be programmed 
into the End Horizontal Retrace Register. 


Vertical Total Register 


Port = 0325 Index = 06 
Ви Description 


7-0 Vertical Total (—2) 


The 8-bit binary value gives the number of horizontal 
scan lines on the CRT screen, minus 2, including vertical 
retrace. This is the low-order 8-bits of a 10-bit register. 
Bit 8 or this register is located in the CRT Controller 
Overflow register (hex O7, bit O). Bit 9 of this register 
is located in the CRT Controller Overflow register (hex 
07, bit 5). | 


Total number of horizontal scan lines, minus 
2. 


Bits 7-0 


Overflow Register 


Port = 0325 Index = 07 
Ви Description 

7 Start Vertical Retrace Bit 9 

6 Vertical display Enable End Bit 9 

5 Vertical Total Bit 9 

4 Line Compare Bit 8 

3 Start Vertical Blank Ви 8 

2 Start Vertical Retrace Bit 8 

1 Vertical display Enable End Ви 8 

0 Vertical Total Ви 8 


Bit 7 Bit 9 of the Start Vertical Retrace register. 

Bit 6 Bit 9 of the Vertical display Enable End Re- 
gister. 

Bit 5 Bit 9 of the Vertical Total Register. 

Bit 4 Bit 8 of the Line Compare Register. 

Bit 3 Bit 8 of the Start Vertical Blank Register. 

Bit 2 Bit 8 of the Start Vertical Retrace Register. 

Bit 1 Bit 8 of the Vertical Display Enable End 
Register. 

Bit 0 Bit 8 of the Vertical Total Register. 


Preset Row Scan Register 


Port - 03?5 Index = 08 

Bit Description 

7 Reserved 

65 _ Byte Panning Control 

4-0 Starting Row Scan Count after a Vertical 
Retrace 

Bit 7 Reserved 

Bits6,5 Bits 6 and 5 control byte panning when pro- 


grammed as multiple shift modes. (This is 
currently not used.) The PEL Panning re- 
gister in the attribute section allows panning 
of up to eight single PELs. When in single 
byte shift modes the CRT Controller start 
address is increased by one, while attribute 
panning is reset to O. This is done to pan 
the next higher PEL. When used for multiple 
shift modes, the byte pan bits are extensions 
to the attribute PEL  Panning register. In 
this manner, panning across the width of the 
video output shift is achieved. In the 32- 
bit shift mode, the byte pan and PEL pann- 
ing bits provide up to 31 bits of panning cap- 
ability. To pan from position 31 to 32, the 
CRT Controller start address is incremented 
and PEL and byte panning is reset to 0, These 
bits should normally be set to O. 


Bits 4-0 A binary value to specify the starting row 


scan count after a vertical retrace. The row 
scan counter increments each horizontal 
retrace time until a maximum row scan occurs. 


Table 13. Clock Skew 
Zero-character clock skew 


One-character clock skew 
Two-character clock skew 


Three-character clock skew 
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At maximum row scan compare time, the row 
scan is cleared (not preset). 


Maximum Scan Line Register 


Port = 0375 Index = 09 
Bit Description | 
7 200 > 400 Line Conversion 
6 Line Compare Bit 9 
5 Start Vertical Blank Bit 9 
4-0 Maximum Scan Line 
Bit 7 A logic 1 causes the clock to the row scan 


counter to be divided by 2 and enables 200 to 
400 line conversion. This allows the older 
200-line modes to be displayed as 400 lines 
on the display (i. e. each line is displayed 
twice). When this bit is a O, the clock to the 
row scan counter is equal to the horizontal 


scan rate. 
Bit 6 Bit 9 of the Line Compare Register. 
Bit 5 Bit 9 of the Start Vertical Blank Register. 


Bit 4-0 These bits specify the number of lines per 
character row. The number to be programmed 


is the maximum row scan number minus 1. 


Cursor Start Register 


Port - 03?5 Index = ОА 

Bit Description 

7,6 Reserved 

5 Cursor Off 

4-0 Cursor Starts 

Bits7,6 . Reserved 

Bit 5 A logic 1 turns off the cursor, a logic O turns 


on the cursor. 
Bits 4-0 The value of these five bits tells the row scan 


line of a character where cursor is to begin. 


Note that when Cursor Start is programmed with a value 
greater than the Cursor End, no cursor is generated. 


Cursor End Register 


Port = 03?5 Index - OB 

Bit Description 

7 Reserved 

6,5 Cursor Skew Control 

4-0 Cursor Ends 

Bit 7 Reserved 

Bits6,5 These bits control the skew of the cursor signal. 


Cursor skew delays the cursor by the selected 
number of clocks. Each additional skew moves 
the cursor right one position on the screen. 
See Table 13. 
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Bits 4-0 These bits specify the row scan line of a char- 


acter where the cursor is to end. 


Start Address High Register 


Port = 0325 |пдех = ОС 

Ви Description 

7-0 High Order 8-bit Start Address 

Bits 7-0 These are the high order 8 bits of the start 


address. The 16-bit value, from the high-order 
and low-order Start Address Registers, is the 
first address after the vertical retrace on each 
screen refresh. 


Start Address Low Register 


Port - 03?5 Index - OD 

Bit Description 

7-0 Low Order Start Address 

Bits 7-0 These are the low-order 8 bits of the start 


address. 


Cursor Location High Register 





Port = 0325 Index = OE 

Bit Description 

7-0 High Order Cursor Location 

Bits 7-0 These are the high-order 8 bits of the cursor 


location. 


Cursor Location Low Register 


Port = 03?5 Index - ОҒ 

Ви Description 

7-0 Low Order Cursor Location 

Bits 7-0 These are the low-order 8 bits of the cursor 


location. 


Start Vertical Retrace Register 


Port - 03?5 Index - 10 

Bit Description 

7-0 Low Order 8-bit Vertical Retrace Pulse 

Bits 7-O These are the low-order 8 bits of the vertical 


retrace pulse start position in horizontal scan 
lines. Bits 8 and 9 are in the CRTC Overflow 
register. 


End Vertical Retrace Register 


Port = 03?5 Index 11 
Bit Description 

7 Protect RO-R7 

6 Select b Refresh Cycles 

5 0 = Enable Vertical Interrupt 
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3-0 
Bit 7 


Bit 6 


Bit 5 


BIt 4 


Bits 3-0 


О = Clear Vertical Interrupt 
End Vertical Retrace 


A logic 0 enables writing to CRTC registers 
0-7. A logic 1 disables writing these registers. 
Note that the line comparing bit 4 in register 
0? is not protected. 


A logic 0 selects three refresh DRAM cycles. 
A logic 1 selects five refresh cycles per 
horizontal line. Five refresh cycles are used 
for slow (15.75 KHz) sweep rate displays. 


A logic 0 enables a vertical retrace interrupt. 


This occurs on IRQ2. Since this may be a 
“shared” interrupt level, the |прит Status 
register 0, bit 7, must be checked to determine 
if the VGA caused the interrupt to occur. 


A logic O clears a vertical retrace interrupt. 
An interrupt handler has to reset an internal 
flip-flop by writing a O to this bit, then setting 
the bit to 1 so that the flip-flop does not hold 
interrupts inactive. Note that you do not 
change the other bits in this register when 
changing this bit. Read this register first before 
resetting this flip-flop so that the value of 
the other bits can be determined and saved 
for later use. 


These bits determine the horizontal scan 
count value when the vertical retrace output 
signal becomes inactive. Use the following 
algorithm to calculate the width of vertical 
retrace signal: 


Value of Start Vertical Retrace register + 
width of vertical retrace signal in horizontal 
scan line units = 4-bit result to be programmed 
into the End Vertical Retrace register. 


Vertical Display Enable End Register 


Port - 03?5 
Bit 

7-0 

Bits 7-0 


Index = 12 


Description 
Low Order Vertical Display Enable End (—1) 


These are the low-order 8 bits of a 10-bit 
register that determines the vertical display 
enable end position. Bits 8 and 9 of this re- 
gister are contained in the CRT Controller 
Overflow register bits 1 and 6 respectively. 


Offset Register 


Port = 0325 
Ви 

7-0 

Bits 7-0 


Index = 13 
Description 
Logic Line Width of the Screen 


This register defines the logic line width 
of the screen. Starting memory address for 


the next character row is larger than the current 
character row by a factor of 2X or 4X this 
value. A word address programs the Offset 
Register. This word address may be a word 
or double word address, determined by the 
means of clocking the CRT Controller. 


Underline Location Register 


Port - 03?5 


Ви 
7 
6 
5 


4-0 


Ви 7 
Bit 6 


Bit 5 


Bits 4-0 


mory addresses. 


Index = 14 


Description 
Reserved 
Doubleword Mode 
Count by 4 


Horizontal row scan where underline му!!! 


оссиг 
Reserved 


A logic 1 enables double-word mode for те- 
Also, see the description 
of the CRT Controller Mode Control register 
bit 6. 


When this bit is set to 1, the memory address 
counter is clocked with the character clock 
divided by 4. This bit is used when double- 
word addresses are used. 


This register determines the horizontal row 
scan of a character row where an underline 
occurs. The scan line number desired is a value 
one greater than the number programmed. 


Start Vertical Blanking Register 


Port = 0325 


Ви 
7-0 
Виз 7-0 


Index = 15 
Description 
Start Vertical Blanking (—1) 


These аге the low-order 8 bits of а 10-bit 
register. The value of this register determines 
when the vertical blanking signal becomes 
active. Bit 8 is located in the CRT Controller 
Overflow register bit 3. Bit 9 is contained in 
the CRT Controller Maximum Scan Line 
register bit 5. The horizontal scan line count 
(at which the vertical blanking signal becomes 
active) is one greater than the value of these 
10 bits. 


End Vertical Blanking Register 


Port = 0325 
Ви 

7-0 

Bits 7-0 
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Index = 16 
Description 
End Vertical Blanking 
This register defines the horizontal scan count 


value at Ше time the vertical blank output 
signa! goes inactive. The register must be 
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programmed іп whole units of horizontal 
scan lines. Use the following algorithm to 
obtain the width of the vertical blank signal. 


(Value of Start Vertical Blank register—1) + 
width of vertical blank signal in horizontal 
scan unit = 8-bit result to be programmed 
into the End Vertical Blank register. 


CRTC Mode Control Register 


Port - 03?5 


Bit 


о -— N GO O O м! 


Bit 7 


Index = 17 


Description 

Hardware Reset 
Word/Byte Mode 
Address Wrap 

Reserved 

Count by Two 

Horizontal Retrace Select 


Select Row Scan Counter 
CMSO 


A logic O clears horizontal and vertical re- 
trace. А logic 1 enables horizontal and ver- 
tical retrace. This bit does not reset any other 
registers or outpüts. 


A logic O selects the word address mode which 


Bit 1 


Bit 0 










Memory 
Address 


ectively double the vertical resolution cap- 
ability of the CRT Controller. The 10-bit 
vertical counter has a maximum of 1024 
scan lines. If the vertical counter is clocked 
with the horizontal retrace divided by 2, 
then the vertical resolution is doubled to 
2048 horizontal scan lines. 


A logic O selects row scan counter bit 1 for 
CRT memory address bit MA14. A logic 
1 selects MA14 counter bit for CRT memory 
address bit МАТА. 


When this bit is a logic O, row scan address 
bit O is substituted for memory address bit 
13 during active display time. A logic 1 en- 
ables memory address bit 13 to appear on the 
memory address output bit 13 of the CRT 
Controller. | 


Table 14. Register Modes 





Double- 
word 
Mode 


MA12 





Byte 
Mode 










MA15/MA13 





Bit 6 


one bit, and the most significant bit of the 
counter appears оп the least significant bit 
of the memory address output. A logic 1 
selects the byte address mode. Note that 
bit 6 of the: Underline Location register also 
controls the addressing. When it is a O, bit 
6 of this register has control. When it is a 1, 
the addressing is forced to be shifted by two 
bits. 
Bit 5 This bit selects the memory address counter 
bit MA13 or bit MA15, and it appears on 
the MAO of CRT address output in the word 
address mode. A logic 1 selects MA 15. MA13 
is selected for the case where only 64K memory 
is installed. Since 256K memory is always 
installed for UM587, МА 15 should be selected 
in odd/even mode. 


Reserved 


A logic O causes the memory address counter 
clocked with the normal character clock 
input. A logic 1 clocks the memory address 
counter with the character clock input divided 
by 2. This bit is used to create either a byte 
or word refresh address for the display buffer. 


Bit 4 
Bit 3 


shifts all memory address counter bits down 


LN NE 
LN | w 
mraz | 





A0 
A1 
A2 


Ë 








MA12 
MA13 
MA14 
MA15 








Line Compare Register 


МАО = 
MA1 


MA11 
MA12 
MA13 
ОО МА14 





МА13 
ОМА 







МАЗ “МА? 
МА4 _ МАЗ 
МАБ МА4 
МА6 МАБ 
МАЯ МАВ 
МАТО МАЯ 


МА10 
МА11 








Bit 2 


A logic O selects normal horizontal retrace. 
A logic 1 selects horizontal retrace divided 
by 2 as the clock that controls the vertical 
timing counter. This bit can be used to еН- 


Port - 03?5 Index = 18 
Bit Description 
7-0 Line Compare Target 
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Bits 7-0 This register is the lower byte of the line com- 
pare target. When the vertical counter achi- 
eves this value, the internal start of the line 
counter is reset, This causes an area of the 
screen to not be affected by scrolling. Bit 9 
is in the Maximum Scan Line register. Bit 8 


of this register is in the Overflow Register. 


Graphics Controller Registers 


This section describes all the registers located in the 
Graphics Controller, See Table 15. 


Table 15. Graphics Controller Registers 


[meme | s me — 


Graphics Address 
Set/Reset 

Enable Set/Reset 
Color Compare 


Data Rotate 
Read Map Select 
Graphics Mode 
Miscellaneous 
Color Don't Care 
Bit Mask 


Graphics Address Register 


Port = 03CE 

Bit Description 

7-4 Reserved 

3-0 Graphics Address 

Bits 7-4 Reserved 

Bits 3-0 A binary value in these bits points to the 


other registers in the Graphics Controller 
section. 


Set/Reset Register 


Port = 03CF index = 00 

Bit Description 

7-4 Reserved 

3 Set/Reset Map 3 

2 Set/Reset Map 2 

1 Set/Reset Map 1 

0 Set/Reset Map 0 

Bits 7-4 Reserved 

Bits 3-0 During CPU memory write with write mode 


O, the value of these bits will be written to 
all eight bits of the respective memory map 





if Set/Reset mode is enabled for the corr- 
esponding map. 


Enable Set/Reset Register 


Port = ОЗСР |пдех = 01 
Ви Description 

7-4 Heserved 

3 Enable Set/Reset Map 3 

2 Enable Set/Reset Map 2 

1 Enable Set/Reset Map 1 

0 . Enable Set/Reset Map O 

Bits 7-4 Reserved 


Bits 3-0 А logic 1 enables the Set/Reset function. 
When enabled, the respective memory map 
is written with the value of the Set/Reset 
register, if write mode O is selected. However, 
when write mode is O and Set/Reset is not 
enabled on a map, that map is written with 
the value of the system microprocessor data. 


Color Compare Register 


Port - O3CF Index - 02 

Bit Description 

7-4 Reserved 

3 ° Color Compare Мар З 

2 Color Compare Map 2 

1 Color Compare Map 1 

0 Сојог Согараге Мар 0 

Bits 7-4 Reserved 

Bits 3-0 These bits represent a 4-bit color value to be 


compared if the system microprocessor sets 
read mode 1 and does a memory read, the 
data returned from the memory cycle will 
be a 1 in each bit position where the four 
maps equal the color compare register. 


The color compare bit is the value that all 
bits of the corresponding map's byte are 
compared with. Each of the eight bit positions 
of the selected byte are then compared across 
the four maps and a 1 is returned in each 
bit position where the bits of all four maps 
equal their respective color compare values. 


Data Rotate Register 


Port = ОЗСЕ Index = 03 
Bit Description 

7-5 Reserved - 

4 Function Select 

3 Function Select 

2 Rotate Count 2 

1 Rotate Count 1 

0 . Rotate Count 0 
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Bits 7-5 
Bits 4,3 


Bits 2-0 


0 
0 
0 
0 
1 
1 
1 
1 


Незегуеа 


Data іп the system microprocessor latches 
can operate logically with data written to 
memory. |f rotate function is selected, it 
is applied before the logic function. See 
Table 17. 


These bits specify the number of positions 
to right-rotate the system microprocessor 
data bus during system microprocessor memory 
writes. This operation is done when the write 
mode is 0. To write nonrotated data, the 
bits should be set to 0. See Table 17. 


Table 16. Data Functions 


Data unmodified 

Data ANDed with latched data 
Data ORed with latched data 
Data XORed with latched data 


No Rotate 

Rotate 1 Position 
Rotate 2 Positions 
Rotate 3 Positions 
Rotate 4 Positions 
Rotate 5 Positions 
Rotate 6 Positions 
Rotate 7 Positions 


=» — O O — — O O 





Read Map Select Register 


Port = 03CF Index = 04 

Bit Description 

7-2 Reserved 

1 Map Select 1 

0 Map Select 0 

Bits 7-2 Reserved 

Bits 1,0 These bits select the memory map number 


from which the system microprocessor reads 
data. This register has no effect on the color 
compare read mode. іп odd/even modes the 
value may be 00 ог 01 (10 ог 11) for спапед 
maps O, 1 (2, 3). See Table 18. 


Table 18. Map Data: 


Read data from Map O 


Read data from Map 1 
Read data from Map 2 
Read data from Map 3 





Graphics Mode Register 


Port - O3CF Index - 05 

Bit Description 

7 Reserved 

6 256 Color Mode 

5 Shift Register Mode 

4 Odd/Even 

3 Read Type 

2 Reserved 

1,0 Write Mode 

Bit 7 Reserved 

Bit 6 A logic O permits bit 5 to handle the loading 
of the Shift Registers. A logic 1 supports 
the 256 color mode (only for 320x200 320x 
400 resolution). 

Bit 5 A logic 1 instructs the Shift Registers in the 
graphic section to format the serial data with 
odd-numbered bits from both maps on the 
odd-numbered maps and even-numbered bits 
from both maps on the even-numbered maps. 
This bit is also used in modes 4 and 5. 

Ви 4 A logic 1 enables the odd/even addressing 
mode, which can emulate the ІВМ CGA com- 
patible mode. The value programmed is the 
value of the Memory Mode register bit 2 
of the Sequencer. 

Bit 3 A logic O causes the system microprocessor 
to read data from the memory map selected 
by the Read Map Select register unless chain 
4, link 4, or link 8 is set to 1. In this case 
the Read Map Select register has no effect. 
When this bit is a logic 1, the system micro- 
processor reads the results of the comparison 
of the four memory maps and the Color Com- 
pare register. 

Bit 2 Reserved | 

Bits 1,0 Write Mode (See Table 19.) 


Miscellaneous Register 


Port = ОЗСР 
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Index = 06 








() ме UM587 


Table 19. Function Decode 





The system microprocessor data is rotated by the number or counts in the Rotate Re- 
gister that each memory map is written with, unless Set/Reset is enabled for the map. 
When the map Set/Reset is enabled, they are written with 8-bits of the value in the Set/ 
Reset Register for that map. 


The contents of the system microprocessor latches are written to each memory map. 
A system read operation loads these latches. 


The maps are written by the 8-bits contained in the Set/Reset Register for that specific 
map (Enable Set/Reset Register is a "don't саге“). Rotated system microprocessor data 
is logically ANDed with Bit Mask Register data and forms an 8-bit value, This is the func- 
tion that the Bit Mask Register performs in write modes O and 2. (See Bit Mask Ве- 
gister.) 





Note that the logic function specified by the Function Select register is applied to data being written to memory following 
modes O, 2, and 3 described above, 


Bit Description | Color Don't Care Register 
7-4 Reserved 
Port = ОЗСР Index = 0 

3 Memory Map 1 ий, ест 
2 Метогу Мар 0 Ви Description 
1 Odd/Even = Қайыс e 

| ap 3 = Don't Care 
5 Graphics Moge 2 Мар 2 = Don't Care 
Bits 7-4 Reserved 1 Map 1 = Don't Care 


Bits 3,2 These bits control the mapping between re- 0 Мар 0 = Don't Care 
generative buffer and the CPU address space. 
- H 
The bit functions are defined in Table 20. ids Ine г Мес 
Bit 3 1 - Do the color compare for map 3. 


Bit 1 When set to a logic 1, this bit instructs the 0 - Don't Care for map 3. 


system microprocessor address bit O to be 


replaced by a higher-order bit. The odd/even Bit2 1 - Do the color compare for map 2. 
maps will be selected with odd/even values 0 - Don't Care for map 2. 
of the system microprocessor АО bit, respec- Bit 1 1 - Do the color compare for map 1. 
tively. 0 - Don't Care for map 1. 
Bit O This is the text mode addressing control. Bit O 1 - Do the color Compare for тар 0. 
A logic 1 enables the graphics mode. Тһе 0- Don't care for map 0. 
character generator address latches are dis- 
abled, when set to graphics mode. Bit Mask Register 
Port = ОЗСҒ Index - 08 
Table 20. Byte Select Bit — Description 
7-0 . ВИ Mask for 8-bits of data 
Bits 7-0 Bits programmed to a 1 allow writes to the 
Hex А0000 for 128K bytes corresponding bits in the maps. A logic O 
Hex А0000 for 64K bytes permits the corresponding bit n in each map 
Hex В0000 for 32K bytes to be locked at its current state, providing 
Hex В8000 for 32K bytes the location being written was the final loca- 


tion read by the system's microprocessor. 
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Note that the bit mask applies to write modes 
O and 2. To preserve bits using the bit mask, 
data must be latched internally by reading 
the location. When data is written to preserve 
the bits, the most current data in the latches 
is written in those positions. The bit mask 
applies to all maps simultaneously. 


Attribute Controller Registers 


This section describes all the registers located in Attribute 
Controller section. See Table 21. 


Table 21. Attribute Controller Registers 


namene — | r [wa 


Address Register 

Palette Registers 

Attribute Mode Control Register 
Overscan Color Register 

Color Plan Enable Register 


Horizontal PEL Panning Register 
Color Select Register 





Attribute Address Register 


Port = 03C0 

Bit Description 

7,6 Reserved 

5 Palette Address Source 

4-0 Attribute Address 

Bits7,6 Reserved 

Bit 5 Bit 5 must be cleared to 0 before loading the 


Color Palette registers. Normal operation 
of the Attribute Controller requires that 
bit 5 be set to 1. This allows the video memory 
data to access the palette registers. 


Bits 4-0 A binary value in these bits points to the 
Attribute Data register where data is to be 
written. 


The Address and Data registers can not be 
selected by the Attribute Controller register. 
An internal address flip-flop controls this 
selection. To initialize the flip-flop, an I/O 
Read instruction must be sent to the Attribute 
Controller at address 03BA ог ОЗРА. This 
cléars the flip-flop, and then selects the Address 
register. The Address register is then loaded 
with an I/O Write to ОЗСО. The following 
I/O Write instruction to O3CO loads the Data 
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register. The flip-flop changes state each time 
ап 1/О Write instruction is sent to the At- 
tribute Controller. It does not change when 
ап |/O Read to 03C1 occurs. 


Palette Registers 
Write-03CO Read-03C1 Index-00-0F 





Bit Description 

7,6 Reserved 

5 P5 

4 P4 

3 P3 

2 P2 

1 Р1 

0 РО 

Bits7,6 Reserved 

Bits5-O Тһе attribute byte of text or graphic color 
value is indexed to these 16 Color Palette 
registers. The contents of the pointed Palette 
registers are then used as values sent off the 
chip to the video DAC, where they in turn 
serve as addresses into the DAC internal re- 
gisters. A logic 1 selects the appropriate color. 
The Palette registers should be modified only 
during the vertical retrace interval to avoid 
problems with the displayed image. 

Attribute Mode Control 

Port - ОЗСО(А), 03C1(W) index = 10 

Bit Description 

7 P5, РА Select 

6 PEL Width 

5 PEL Panning Compatibility 

4 Reserved 

3 Select Background Intensity or Enable Blink 

2 Enable Line Graphics Character Code 

1 Mono Emulation 
Graphics/Alphanumeric Mode 

Bit 7 A logic O selects the output of the Palette 
register as P5, P4. A logic 1 selects bits 1, 
O of the Color Select register as P5, P4 which 
are digital video bits that go off the chip. 

Bit 6 А logic 1 causes the video pipeline to be 
sampled so that eight bits are available to 
select a color in the 256 color mode (hex 
13). This bit must be a logic O in all other 
modes. | 

Bit 5 A logic O makes line compare and has no 


effect on the output of the PEL Panning 
register. A logic 1 causes a line compare 
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іп the СВТС to force the output of the PEL 
Panning register to O. When VSYNC occurs, 
the output reverts to its programmed value. 
This bit allows part of the screen to be panned. 
Bit 4 
Bit 3 


Reserved 


This bit is set to 1 for blinking graphics modes. 
A logic 1 enables the blink function in al- 
phanumeric modes. A logic O selects the back- 
ground intensity of the input. Previously, 
this mode was on the MDA and CGA modes. 


Bit 2 A logic 1 enables the special line graphics 
character codes for the Monochrome emula- 
tion mode. A logic O causes the ninth dot 
the same as the background. When this bit 
is enabled it forces the ninth dot of a line 
graphic character to be the same as the eighth 
dot of a line graphic character. Graphics char- 
acter codes are hex CO through hex DF. For 
character fonts that do not use the line graphics 
character codes in this range (hex CO through 
hex ОҒ) bit 2 should be a 0. If not, unwanted 
video information will be shown on the CRT 
screen. 


Bit 1 A logic 1 sets monochrome emulation mode. 
A logic 0 sets color emulation mode. 

Bit 0 A logic O selects text mode. A logic 1 selects 

graphics mode. 


Overscan Color Register 


Port = 03СО(В), 03C1(W) Index = 11 
Bit Description 

7 Р7 

6 Р6 

5 РЬ 

4 P4 

3 P3 

2 P2 

1 P1 

0 РО 

Виз 7-0 А binary value іп this register determines the 


border color displayed on the CRT screen. 
The border color is displayed right after the 
Display Enable signal goes low and before 
the start of blanking period. The border is 
not supported in the 40-сојитп text modes 
or the 320-PEL graphics modes. except for 
mode hex 13, 


Color Plane Enable 


Port = 03СО(В), 03C1(W) index = 12 
Ви Description 
7,6 Reserved 


5.4 Video Status MUX 


3-0 
Bits 7,6 
Bits 5,4 


Bits 3-0 


Color Plane Register 


Enable Color Plane 
Reserved 


Two of the eight color outputs will be selected, 
according to these two bits, to reflect the 
real time status on bits 4 and 5 of Input Status 
Register 1. See Table 22. 


A logic 1 for each bit enables the respective 
display memory color plane. A logic O dis- 
ables color plane. 


Table 22. Color Plane And Status 


Input Status Register 1 
Bit 5 


Bit 4 





Horizontal PEL Panning 
Port = 3CO(W), 3С1(В) 
Bit 
7-4 
3-0 
Bits 7-4 
Bits 3-0 
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PEL Panning 
Register Value 


OO +J O) Ot > > О 


О со IO Q У OO N ә 
| NO GQ P ON > 


Index = 13 


Description 
Reserved 


Horizontal PEL Panning 
Reserved 


These four bits select the number of pixels 
that will shift the video data to the left. PEL 
panning is available in both graphics and 
text modes. In modes 0+, 1+, 2+, 3+, 7 and 
7+, the maximum shift is eight pixels. Mode 
13 allows a maximum of three pixels. In the 
rest of the modes, the image can be shifted 
a maximum of seven pixels. The order for 
shifting the image is shown in Table 23. 


Table 23. PEL Register 


Number of PELs Shifted to the Left 


0+, 1+, 2+ АП Other Моде 
3+,7,7+ Modes 13 
0 
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Color Select Register 


Port = 03CO(W), 03С1(В) Index = 14 

Bit Description 

7-4 Reserved 

3 Select Color 7 

2 Select Color 6 

1 Select Color 5 

0 Select Color 4 

Bits 7-4 Reserved 

Bits 3,2 These bits are the two high-order bits of the 


8-bit digital color value sent off-chip in all 
modes except the 256 color graphics. In the 
256 color modes, the 8-bit attributes are 
stored in video memory. This becomes the 
8-bit digital color value to be sent off-chip 
to the video DAC. These bits are also used 
to switch quickly among sets of colors in 
the video DAC. 


These two bits can be used to replace the 
РА and P5 bits from the Attribute Palette 
registers to form the 8-bit digital color value 
sent off-chip. This is controlled by bit 7 of 
Attribute Mode Control register. By using 
this feature, sets of colors can be rapidly 
switched in the video DAC. 


Bits 1,0 


Extended Registers 


A set of new registers have been added into the basic 
version of the УСА to perform new features. They аге 
grouped under the assignment of 1/О ports 3DE and 
ЗОҒ for address and data access respectively. All, ex- 
cept the NMI Data Cache registers, have both read and 
write access. A summary of new registers is given in Table 
24. 


Table 24. Extended Registers 


res нөх эм [ы — nume | 
Dee | = ян | s [emen tes Ramer 
тэо опт |е алаасы 
зе е | ян ја | отеста 77 
ЕЛЕЖЕНЕНШІСІСДІСЕН 
оғ s [sor e — — 








3DE-Extension Address Register 


Bit Description 
0-4 5-bit index pointer to the extension data 


registers. 
5-7 Reserved 


The contents of this register need to be programmed 
before the data register is accessed. The 1/О port assigned 
is ЗОЁ for both read and write access. 


3DF-Bandwidth Control 
index D 
Bit . Description 
0-2 Reserved 
3-4 Bandwidth Control (See Table 25.) 
5 Clock select bit 2 (CSEL2). 


Used with bits 2 and 3 of Miscellaneous Register. One of 


eight different clock inputs can be selected. (See Table 


26.) 
Table 25. Bandwidth 


Bandwidth 


14 





1-7 
1-9 
Reserved 





Table 26. Clock 






25.175 MHz 
28.322 MHz 






External input Clock 
Reserved 

14.318 MHz 

16.257 MHz 
Reserved 

35.5 MHz 







ә — 002-00 


0 
1 
0 
1 
0 
1 
0 
1 





ЗОЕ-1/О Trap Control Index E 
Bit Description 
0 When set to 1, the trap is activated and 


generates NMI for downward compatibility 
emulation. When set to O, the NMI logic is 


turned off. 

1-2 Backward Compatibility Mode (See Table 
27.) 

3-6 Reserved = 0 

7 Graphics Latch read compatibility. 
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Table 27. Graphics Mode 





address from cache. Since bit 7 of the first 
read of this register is always 1 if there is 
an address saved at this position, the trapped 
software should check this bit to determine 
whether this is a last read or not. 


Note that this is a read only register. 


MCGA (MDA & HERC) 





3DF - Read DIP Switch Index 10 
3DF - NMI Data Cache Index F | 
Ви Description 
Bit Description 7 | Резание 
0-7 First read of this register gets the address of 6 DIP Switch 6 
the trapped 1/О. Second read gets the data 5 БІР Switch 5 
of the trapped 1/О. The size of the cache is 4 DIP Switch 4 
two bytes wide and five rows deep. Each read 3 DIP Switch 3 
causes the read pointer to autoincrement resets 2 DIP Switch 2 
at the end of information. 1 DIP Switch 1 
0 DIP Switch 0 
Note that only the first 8-bits of I/O address 
are saved into cache. That means the first These bits will be read in during BIOS initializa- 
digit "S3" is ignored. The trapped software tion to determine the type of monitor currently 
should take care of this after receiving the attached. | 


AC Characteristics: T, = 0 C to +70°C, Vec = 5V + 5%, GND = ОМ 
1/О Read/Write, DAC Read/Write, Switch Read (See Figures 1, 2, 8, 9 & 10.) 


[$m ОИ ПОС M _ 
[ ws ае | m | — | 
[oes ПЕ ОИ ИЕ | — 
Оюн ИСИ ПОС | — 
[xm УС | 9 [ — 
ЕКЕ БИЕСІ: — | m9 | _ 
[ow | — wispa ______|- | % | 
[ow | __мебшеште | 9 | — — 
=| 
|е 
| 
Е ИШ 
Ср ет 
|= 
= 


























2 
T 
° 
моло | — witewoAcwieoay | [| e 
пати | авонон — | — | e 


3—38 


Unit 
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Memory Read/Write (See Figures 3 & 4.) 


Symbol 
30 





Valid RD Data Hold Time 


Clock and Video (See Figure 5.) 


28 
SYNC 


DRAM Read/Write (See Figures 6 & 7.) 


Row Address Setup По 
Row Address Hold Time 


Column Address Setup Time | 10 




























Column Address Hold T ime 


CN NN 


Ojo 
|| = 
C» 
Е 
О 
5 
= 
3 
о 


3--39 








Соме UMS87 


Timing Waveforms 
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Figure 1. 1/О READ TIMING 


| 
. >l tACS | š tCAH 


| —————— M [ШАА 
ASEL | | | 





tCCS ps tCCH 
MON | | 
IOWR e 
| 
| рио | | "s мн 
| | |. 
сер. he — el ср da 
EDBUF | 
| | 
EABUF ` | | 
| 
—=| tCED је— — tCED |+“ 
1 


Figure 2. МО WRITE TIMING 
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Timing Waveforms (Continued) 
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Timing Waveforms (Continued) 
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Figure 5. CLOCK AND VIDEO TIMING 
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Figure 6. DRAM READ TIMING 
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Timing Waveforms (Continued) 
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Figure 8. DAC Read Timing 








—  tACS — * (САН = 
ADDRESS 
| APER | 
ASEL | | | 
Le :СС5 = жаны. S 
| tCPW — =, 
ТОМА | | | 
— = tWDACD tWDACD-e | 
+ CED 


EDBUF | \ | K 
| | | 
ЕАВОЕ | | | | 
————— | | | — 
= tCED tCED > 


| + = 
Figure 9. DAC Write Timing 





|-— tACS  — |= (САН = 
ADDRESS | 


| 
| 
ASEL / | ІХ 
"T tCCS = {ССН +! | 
- | ү Г 
IORD I \ 4 | 
| 


— He tRSWTR tBSWTR = e- 
SWTR ІХ“ | / 
| " 
>  tCED на гэ tCED œl 
EDBUF | | 
| | | 
мере | 
EABUF | | | | 
| | 
--  tCED I < {СЕЮ | 
DIR м. 
| --авово þe- --| tRDIRD - 
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Absolute Maximum: Ratings ж 


Ambient Operating Temperature ........ 0°C то +70°C 
Storage Temperature ............. —65°C to +150°С 
Supply Voltage to Ground Potential 


*Comments 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 


this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


T —— rr —0.5V to Усс +7.0М 
Applied Input Voltage.......... -0.5М to Усс +7.0М 


DC Electrical Characteristics: T, = 25°С, Мсс = 5V + 5%, GND = OV 


[we [m [eis 
Output High Voltage аг. Іон = 400 uA 
0.45 ERE о = 20 mA, Note 1 





Output Low Voltage 


Output Low Voltage 


Output Low Voltage 
Output Low Voltage 


k Output Low Voltage 
| мн | Input High Voltage 
KCN Input Low Voltage 









Output Capacitance 
Input Capacitance 


ри Оши Сарасїїапсе 
Input Leakage Current 
Output Leakage Current 


- Operating Supply Current 







VIN = Усс or GND 
Vcc = 5.25У 
Outputs Unioaded 


- 
e 


і, CPURDY, SW 


| 


ЕАВЏЕ, ЕОВОЕ, DIR,CRTINT, N 
DACR, DACW 

4 mA output pads: P7-PO, DA7-DAO, MD31-MDO. 
8 mA output pads: ВА50, RAS3, WE 

12 mA output pads: OE 

20 mA output pads: CAS 


В, HSYNC, VSYNC, BLANK, 


Note 1: 2 тА output pads: 
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жү ги. UM6845/A/B 
CRT Controller 
Features 
в Applications including smart, programmable, intelligent в Provides CPUs with synchronous signals to external 
CRT terminals; video games; information display device 
= Alphanumeric, semi-graphic, and full graphic capa- @ Programmable cursor format 
bilities ш Light pen registers and input strobe signal to latch light 
в Fully programmable via processor data bus with timing . реп position on screen 
generation for almost any alphanumeric screen density = Operates without line buffer or external ОМА; reading 
& Single +5 volt supply; TTL compatible 1/0; NMOS screen memory mutliplexed between CRTC and CPU 
technology = Programmable interlace or non-interlace scan 
а Hardware scrolling by page, line, or character в 14-bit display memory reading address width 


General Description 





The CRTC UM6845/A/B comprises LSI controllers de- in both data lines and control lines. 115 primary function 
signed to provide interface between microcomputers and is 10 generate timing signals which are necessary for 
raster-scan-type CRT displays. The CRTC belongs to the raster-scan type CRT displays according to the speci- 
MC6800 LS! family and is fully compatible with CPUs fications programmed by the CPU. 


Pin Configuration 





vss |! 40] | мзумс 
RESL 12 39 | | HSYNC 
іР5ТВ | 13 38| ] RAO 
МАО | 14 371 | ВАТ 
МАТ | 15 361 | RA2 
мА2| 16 35| | ВАЗ 
МАЗ (17 зАГ | ВА4 
МА4 | 18 5 331 100 
МАБ 19 Ф 321101 
мАб [110 à  31|102 
мА? Ll: > 301 ]D3 
мА81 112 © 29] |04 
M^A9| 113 284 |05 
МАТО | 114 271106 
МА111 415 26| 107 
МА12 | 116 25| |С5 
MA13| | 17 24] |В5 
DISPTMG 23| |E 
cupisP| 119 224 | R/W 
Усс 420 21| Ісік 
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Block Diagram Усс GND | R 





RS E RESET 00407 


Ц 
1 


| i | 
HS 


2 
9| 








HORIZONTAL 


CLK Бэргэн ээ 
СТА (+256) 







се HORIZONTAL SYNC 
м 


CTA (+16) 






















vs 
SCAN LINE 
CTR (+32) 
B CURSOR START 
H RASTER REG 
PON ek CURSOR 
CONTAO 
CUDISP 
CURSOR END 
REG 
dites Рид ашай вали, [Г START AEPNERS 
LINEAR REG 
ADDRESS 
GENERATOR 
со ранена: А14 | CURSOR ADDRESS dub 
R15 REG 
R16 
L1 
eur PEN REG [> 
(Р5ТВ. 


ЯА0-НА4 МАО-МА13 


3—46 

















(2). ме | UM6845/A/B 





Absolute Maximum Ratings * *Comments 

Supply Voltage, Мсс**............... —0.3—+7.0V Stresses above those listed under “Absolute Maximum 

Input Voltage, VIN “................ —0.3—+7.0\ Ratings" may cause permanent damage to the device. 

Operating Temperature, Торд 22222222... 0°~70°C These are stress ratings only. Functional Operation of 

Storage Temperature, Тәте .......... -559-415098С | this device at these or any other conditions above those 
indicated in the operational sections of this specification 

* *With respect to Vss (SYSTEM GND) is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


DC Electrical Characteristics 
(Vec = 5V + 596, TA = 0°С ~ 70°C) 






Typ. 














4.75 5 


o 


5.25 


= 
Input Voltage 
| 


VIN -0-565.25У 
Input Leakage С t 
nput Leakage Curren (Except 00 — 07) 
VIN -0.4—2.4V 

| 

Б; Усс = 5.25V (DO - 07) 
| ОАО = 205A 
(DO - D7) 





кә | 
I o 
+ — 


| 
N 
сл 
мә < 
m i . 
о 
= 














. Тћгее - тате Input 





| 
© 
o 


N 
A^ 


> 


Current (Off-State) 


Подо = —1004A 
(Other Outputs) 


qoc је 


© 
> 


12.5 


72 
т 


10.0 


һе) 
п 





Vin = ОМ, ТА = 25°С, 
+= 1.0MHz 





> тп 
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AC Characteristics 

(Vec = БМ =5%, Т = 0°С ~ 70°С) 
BUS TIMING CHARACTERISTIC 
MPU READ TIMING* 


Enable “High” Pulse Width 0.45 


* See Fig. 1 





. МРЏ WRITE TIMING" 


ШЕЯ 


Enable Cycle Тїгпе 
Enable “High” Pulse Width PWEH 0.45 


N 


2 


2 
e 





« See Fig. 2 
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ісусЕ 
PWEH 
2.0V 
E 0.8V 
CS 
R/W, RS 
А 2.4V Ай) 
мие, 0.4М ОУ 
Figure 1. Read Sequence 
РУМЕН 
2.0V 
2 Е 0.8V 
CS. 
. РАМ 
RS (Address Register) 
RS (Control à 
Register) AH 





їн 
20У 2.0V 
00—27 4 » 
0.8V 0.8У 


Figure 2. Write Sequence 


CRTC SIGNAL TIMING" 


Clock “High” Pulse Width 
Clock "Low" Pulse Width 


Light Pen Strobe Pulse Width 
Light Pen Strobe 
Uncertain Time of Acceptance 


* See Fig. 3; Fig. 4 
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2.0V 2.0V PW 
0.8V ову CL ову 0.8V 
CLK 
tCR : PWCH 
0.4V 
MAO-MA13 А 
МАО 
2.4V 
0.4V 
RAO-RA4 
tRAD tRAD 
0.4V 
DISPTMG ИН 
0.4V 
CUDISP 
Зсрр 
Н5ҮМС 4 0.4V 
VSYNC tHSD tysp tHSD 50 
РМ 
LPSTB LPH 
| The Figure shows the relation іп time between 
СІК signal and each output signal. 
Figure 3. CRTC Timing Chart 
Ч PD2 tLPD1 
0.8V 0.8У 
CLK 


0.8V 
LPSTB à 
2.0М N 
LPSTB о. 


tLPD1. tt PD2: LPSTB's uncertain When LPSTB rises in this period, Display Memory 
time of acceptance. Address "M-*2" is set into the light pen register. 


Figure 4. LPSTB Input Timing & Display Memory Address is Set Into the Light Pen Register. 
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Typical CRT Controller Application Block Diagram 




























PROCESSOR fe s AB 
Ed DB Primary Bus 
8 
HIGH SPEED | CLK DISPLAY 3-STATE 
TIMING CRTC | BUFFER 
DISPLAY CURSOR 
MEMORY, DISPLAY 
ADDRESSES ENABLE 
E LATCH 
LIGHT 
PEN 
CIRCUIT 
ROW ADDRESSES ROM SHIFT VIDEO 
E CHARACTER 
GENERATOR REGISTER OUTPUT 


HS VS 
Figure 5, Typical CRT Controller Application 


CRT Screen Format and Time Chart 





REGISTER PROGRAMMED VALUES 


[m | Wem — | ын о 
ыи wem [чыш | мо 
Шин: шин 
шин: шин 
















С вие | БЕНЕН БЕНЕН” | 

massa 0 
ЕНІН ЕНЕСІ [о 
[ws | sme — | o 
Окт | өө" ООО 
[ ms | o ПО 
[me | wem — | — 
Ок ОТ СТО [| — 








| () ме 0М6845/А/В 





5СВЕЕМ РОВМАТ 


Total Number of Horizontal Char. (Му + 1) 


Number of Horizontal Displayed Char. (Мћа) === 





Maximum Scan Line (Ny + 1) 


Display 


Number of Vertical Displayed Char. (Nyg) 


Total Number of Vertical Char. (Nyt + 1) 


: 


Vertical Retrace Period 





Adjust (Nadj) 


RESTRICTIONS ON PROGRAMMING INTERNAL REGISTER 


(1) о<мра < Nnt + 1 € 256 
(2) 0 < Nyd < Ми + 1 < 128 


(3) 0 < Nhsp < Nht 


А 


(5) O&NCSTART < NCEND < Nr (Non-Interlace, Interlace Sync Modes) 


А 


0 € NCSTART < NCEND < № + 1 (interlace Sync & Video Modes) 


А 


(6) 2<N, <30 


А 


(7) 3 < Nn (Except Non-Interlace Mode) 


5 < Мн; (Non-Interlace Mode Only) 
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CRTC ADDRESSING FOR READING DISPLAY MEMORY 





z 

z 

с > HORIZONTAL OISPLAY | HORIZONTAL ВЕТНАСЕ (NON-DISPLAY! 
w 5 

Q z 

4 4 1 СНАВАСТЕВ 

с O 

< о т--------- 

I 

9, 0 







Мһа%Чн 
4 
1 
! 


Ма + Мы 
2Nhq + Мн 
І 

















1 
2Мра Мы 


VERTICAL DISPLAY 




















(Ng - 1) x Nng Ма - Охмна+ 1 (Муа- Y xNng + Ми 
' 1 I 


I t 1 


+ 1 " 
(Муд- 1) x Nhd Ма 1х Мна + 1 (Муд- x Nig + Миг 











Мах Nna NygxNng* 1 
! ! 


Ма”! х Миа 1 Му + 1) x Мћа М,ах Ма + МВ 


4 
Nyva x Nha 





| ' ' 
Муд x Мћа + 1 (Nygt 1) x Nha - 1 (Му + 1) x Nig Nya X Ма Мн 






























Nytx Мна 
, 
3 








Мах Мћа +1 (Миа + Tx Ма - 1 (Nvt+1) x Nng Мах Nho + Му 
t i І ! 









П ! t D 





І 1 ' ' 4 
Мих Nag Мах Мћа + 1 Ми Ох Nag - 1 (Nytt 1) x Nig Мих Nig + Nhi 


(Мұ 1) x Nhd мү I) x Ма + 1 (Nvtt2)xNhd-1 
' I 1 


(Муд+ 2) x Nhg Мит Vx Ning Ма 
I + 
' 


(Nyt +2) xNhd 


[] + 1 


( 
(N tt 1 x Ма + 











VERTICAL RETRACE (NON- DISPLAY} 


! 1 | 
(Nyet х Ning СМ +2) х Мна-1 (ми iix Nag + Nht 





Figure 6. Display Memory Addressing (МА0-МА13) Stage Chart 


Note: The initial MA is determined by the contents of state address register R12/R13. Timing is shown for R12/R 13 = 0. 
Only Non-Interlace-and Interlace Sync Modes are shown. 


CRTC HORIZONTAL TIMING 






HORIZONTAL TOTAL (ROI 151 = (Nn + 1} x te 
HORIZONTAL RETRACE 







HORIZONTAL, DISPLAY (R1) Nig x tc 








I | | ! | 
| | I | | р | | | 
го 1 | 2 | | | Nnd-i Ма | i | | Nnsp-! | | | | Ми | 
MA0-MA13 | | | t | г | | 4 | 1 | 
| 
! 
| | HS PULSE WIDTH (83) | | 


| | HORIZONTAL SYNC POSITION (82) peces Nnew X te l 


FRONT PORCH (SYNC DELAY) 
I | BACK PORCH {SCAN DELAY) | 
HSYNC | ч М | “FT ^ 
| | | 


» MEG CM EE VU = =i | 
| 
DISPEN | ч | М b h | 


Figure 7. CRTC Horizontal Timing 
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CRTC VERTICAL TIMING 





tF = (Nyy + 1) x tre + Nadj х ts! 


НАО-НАА FIELD TIME VERTICAL TOTAL (R4) + VERTICAL TOTAL ADJUST (85) 
( ) VERTICAL DISPLAY = Ма x ус (R6) VERTICAL RETRACE y 
tre — | 


IS INTERLACE 

SYNC AND E | ! 

VIDEO MODE |o (1) ly o ü | N jo m | lo m " lo (n ` | 

ODD FIELD | 57 ! | (1) | Nr f | | | 4 F< Tadj = Nadj X tsi ы 
үл | | (Nyd-1)xNng  (Nr-1) | (Nr-1) 


| АООНЕ55 CONTINUES TO INCREMENT ..... | ҒІЕ(О ADJUST TIME | 





Nua- 1 
| | | ин 


| 
| | 
VSYNC | | | | | | | | SYNC DELAY | 
(NON-INTERLACE) | | i | | VERTICAL VERTICAL SCAN DELAY 
| | SYNC | 


VERTICAL 
| | SYNC —» PULSE (R3) | | 


| 

| | 
VSYNC | | | | | | | | 
(EVEN FIELD) . 

| | 

|. J . 
VSYNC | | | | | | | | | 2 | 
(ODD FIELD) : 

| | 


| | | | | | | 
| | | | | | | 
SP | 


Figure 8. CRTC Vertical Timing 


! 
| 
MAO-MA13** | 
| | b | | 
| 17 | | | | “|! | | | | | | | 
| 0 Nht| | 0 Мн (Nyg-1) x Nhat Nat | 1 | | | ; | | 
СНАВАСТЕВ | | 
ROW ! ! | | 
| = Nass |z Мир | | Ки Ми + 1 
VERTICAL be 16x — 
| 


Notes: 1. The odd field is offset > horizontal scan time. 
2. Vertical sync pulse may be programmed from 1 to 16 scan line times. 


CURSOR DISPLAY TIMING 





RAO-RAM | | | | 
| 1 | 2 | 3 | 
| | | 
| E. | | 
| | 

МАО-МА1З | | | | NY | | | | ERE | | | Т 4 г 
| Мва | Nng*'! Nhat? | | Nnd* | Nna Nndf! | Nghd*2 | | Nhat р Ма | №9+1 | I | Nhd* | 

| 

: | | | | Nht | | | | | Nht | | | | | Ne! 


| | | | | | 


CURSOR | | | $ Г | | | | 
. Figure 9. Cursor Timing 


Notes: 1. Timing is shown for non-interlace and interlace modes. 
2. Cursor Register = Мра + 2. 
3. Cursor start = 1. : 
4. Cursor end = 3. 
5. R12/R13 = 0 for start address registers. 
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Example of Raster Scan Display 


UM6845/A/B 





displayed in the non-interlace, interlace sync, апа inter- 


Fig. 10 shows an example where the same character is 
lace sync and video modes. 


SCAN LINE ADDRESS SCAN LINE ADDRESS SCAN LINE ADDRESS 























0 0 0 | 
—— M 0 — 9 — — — — —0— 1 
1-0------Ө- | 1 2-0------- 
a сесиите 70421222 9-3 LINE #0 
| | -Ө-----Ө-2 -Ө-------- 9-5 
3 —e— O 3 6 5 
0009 ————-0— 3 —6-——— —9—7 
(4 —е—2—-8—6-——8— 4 0 
-© Ө-Ө-О- ө — 4 --------------1 
5-------ө-. 5 2 
6 —o ле шаг зе foe аа Е 3 МЕ #1 
—9————-0—6 0 =m 5 
7-0-------Ө- 7 6 
-Ө-----Ө--7 пп ------- 7 
EVEN ` ODD . EVEN ODD 
FIELD FIELD FIELD FIELD 


(a) NON-INTERLACE (0) INTERLACE SYNC (с) INTERLACE SYNC AND VIDEO 


Figure 10. interlace Control 












Nis 

p.c doe RR En 
GENERATOR 

CRTC П 


CUDISP ЕВ 
HSYNC CONTROL 






MA 
RA 







VIDEO SIGNALS 
SYNC SIGNALS 










Figure 11. Interface to Display Control Unit 


screen. Moreover, HSYNC and VSYNC signals are used 
as drive signals respectively for CRT horizontal and vertical 
deflection circuits. | 


Fig. 11 shows the interface between the CRTC and the 
display control unit. The display control unit is mainly 
composed of Display Memory, Character Generator, and 
Video Control circuit. For display memory, 14 Memory 


Address lines (0-16383) are provided and for character 
generator, 5 Raster Address lines (0-31) are provided. 
For the video contro! circuit, DISPTMG signal is used to 
control the blank period of video signal. CUDISP signal 
is used as video signal to display the cursor on the CRT 


Outputs from video control circuit (video signals and sync 
signals) are provided to CRT display unit to control the 
deflection and brightness of CRT, and thus characters 
displayed on the screen. 
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Circuitry Standards of Display Control Units 


Fig. 12 shows a detailed schematic diagram of the display 
control unit. This diagram shows how to use CUDISP and 
DISPTMG signals. CUDISP and DISPTMG signals should 
be latched at least one time at external flip-flop F1 and 
F2, which creates a one-character delay time, so as to 
synchronize with the video signal from the parallel-serial 
converter. A high-speed D-type flip-flop as TTL is used 
for this purpose. After being delayed at Ғ1 and 22, the 
DISPTMG signal is OR-ed with output from AND gate. 
By using this circuitry, blanking of horizontal and vertical 
retrace time is controlled and the cursor video is mixed 


with the character video signal. 


“Fig. 12 shows an example in which both display memory 
апа СС сап be ЕРЕН for horizontal one-character 
time. A time chart for this case is shown in Fig. 15 This 
method is used when a few characters need to be displayed 


horizontally on the screen. 


Table 1. Circuitry Standard of Display Control Unit 


Relation among “сң, RM апа CG 


сн > RM Access + CG Access + (МАО 


When many characters are displayed horizontally on the 
screen and horizontal one-character time is so short that 
neither display memory nor CG can be accessed, the 
circuitry shown in Fig. 13 should be used. In this case, 
display memory output is latched and the CG is accessed at 
the next cycle. The time chart in this case is shown in 
Fig. 16 CUDISP and DISPTMG signals should be provided 
after being delayed by one-character time by using the 
skew bit of interface and the skew register (RS). Moreover, 
when there are troubles in the delay time of MA during 
horizontal one-character time оп high speed display . 
operation, the system shown in Fig. 14 should be adopted. 
The time chart in this case is shown in Fig. 17 Character 
video signal is delayed for a two-character time because 
each MA output and display memory outputs are latched 
and are made to be in phase with CUDISP and DISPTMG 


signals by delaying for a two-character time. Table 1 


shows the circuitry selection standard of display units. 


Interlace 8: Skew Register 
Timing Bit Programming 


Diagram 


RM Access + СС Accwss + tMAD 2 tcH > RM Access + (МАР 


RM Access + tMAD = {сн > RM Access 





«сн: CHCP Period: tMAD: MA Delay 
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CUDISP 


CRTC DISPLAY А 
с), иг p с = 
~ Ж 5 
„| =" | 












МЮЕО 


DOT COUNTER 





CUDISP 






7 : ab D VIDEO 
CRTC ISPLAY | 
nna Б 


CLK 
DOT COUNTER 





CUDISP 









· DISPTMG 





DOT COUNTER 


. Figure 14. Display Control Unit (for high-speed display operation) (3) 
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CHCP — P 


MA 


DISPTMG 


CUDISP 


F2-Q 


F1-Q. 


RMOUT 
CGOUT 


VIDEO 


c CRT DISPLAY 


CHCP — P 


MA 


DISPTMG 


CUDISP 


F2-Q 


F1.Q 


FMOUT 


- LATCH (1) 


CGOUT 


VIDEO 


CRT DISPLAY 


EA. 
ONE Шаа 





UM6845/A/B 


scura capuc Ш rou 


a XXX ст ША з MULA LÀ 


— _ X BCD z ив = ск Шр a | 


Figure 15. Time Chart of iig Control Unit (1) | 


— - 


ТІ 
[IS 
ІМ! 
IM 


1, 


| 


СЕХ /// ICE MA |2 NEA в Х7777 
=== 
=-= == 


Figure 16. Time Chart of Display Control Unit (2) 
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ad ee зар хех 
os вт | 
ami —— EE GER 
= x 
мәт DC ГС СС С КС z 7777 
wen —— OE 
қытты sawaman Е И эцэж 
сво ОС ПОХ ХХ ххх ХХ 5 
CRT DISPLAY ees © ее 


Figure 17. Time Chart of Display Unit (3) 
How to Decide Parameters on the CRTC 


Before the determination of parameters on the CRTC (1) Horizontal display characters column number. (Nig) 


and the dot frequency of crystal, we must check the (2) Vertical display row number. (Ма) 
Specification of CRT Display Unit (Monitor) and the (3) Horizontal dot numbers per character. (Dot counter 
Screen Format. The output signal timing of CRTC, must (= Ма)). | | 
be in the monitor specification for the normal display. (4) Vertical raster lines per row. (М, + 1) 
(Such as DISPTMG, HSYNC, VSYNC.). Screen format | 
includes: 
Example: for non-interlace mode one frame - 60Hz dot frequency of crystal = Ма x CLK frequency of CRTC 
| then one raster line frequency = 60Hz x [(М +1) (N + 1) + 
= 60Hz x [(М + 1) (Np +1) + Nagi) | Маа! x [Npe + 1] x Ма 
CLK frequency of CRTC ғ raster line frequency 
Х (Nht +1) 


* Relation between RO-R7 is in Figure 18. 


i | [1 x ri! 
Horizontal Programming 5 Vertical Programming E 


RO: Horizontal Total в n RO + 1 —— R4: Vertical Total в----8441----91 
R1: Horizontal Display фр--- 81 — R3 (H): Vertical Sync, Width R3 (H) —> је— 
R2: Horizontal Sync. | I«————— R2+1 ———e] R6: Vertical Display — бб 
Рози! | 
osition R5: Vertical Total Adjust 85 —= +- 
БАН 2. ши neuer R7: Vertical Sync. He———— 8741 ———=/ 
ци m | Position | | 
Figure 18. 
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Pin Description 


ть | за | жш] AN 






33, 32, 31, 30 
29,28,27,26 








Processor 


Interface 


Register Select 
Read/Write 


NEM | HSYNC Horizontal Sync CRT Control 
DENM DISPTMG . Display Enable | 


4, 5, 6, 7, 8, | 
9, 10, 11, 12, 13, MAO-MA13 
14, 15, 16, 17 










Reading 
Reading Display Memory / 
Memory Addresses 
Character Generator 


Addressing 





38, 37, 36, 35, 34 


Raster Addresses 


CUDISP Cursor 
CLK |. Clock 
Other Pins 
( Е | 
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PROCESSOR INTERFACE 


The CRTC interfaces to a processor bus on the bidirectional 
data bus (00-07) using CS. RS. E. and R/W as control 
signals. 


Data Bus (DO-D7) 
The bidirectional data lines (DO-D7) allow data transfers 
between the CRTC internal register file and the processor. 


The data bus output drivers are 3-state buffers which 
remain in the high impedance state except when the pro- 
-cessor performs a CRTC read operation. 


Enable (E) 

The Enable pin is a high impedance TTL/MOS compatible 
input which enables the data bus input/output buffers 
and clocks data to and from the CRTC. This signal is 
usually derived from the processor clock and the high 
to low transition is the active edge. 


Chip Select (CS) 

The CS line is a high impedance TTL/MOS compatible 
input which selects the CRTC, when low, to read or write 
the internal Register File. This signal should only be 
active when there is a valid stable address being decoded 
from the processor. 


Register Select (RS) 
. The RS line is a high impedance TTL/MOS compatible 
input which selects either the Address Register (RS = 
07%) or one of the Data Registers (RS = 41%) of the in- 
ternal Register File. 


Read/Write (R/W) 

The R/W line is a high impedance TTL/MOS compatible 
input which determines whether the internal Register 
File gets written or read. A write is active at low ("0"). 


CRT CONTROL 


The CRTC provides Horizontal Sync (HS), Vertical Sync 
(VS), and Display Enable (DISPTMG) signals, 


Vertical Sync (V SYNC) 

The TTL compatible output is an active high signal which 
drives the monitor directly or is fed to Video Processing 
Logic for composite signal generation. This signal deter- 
mines the vertical position of the displayed text. 


Horizontal Sync (H SYNC) 

This TTL compatible output is an active high signal which 
drives the monitor directly or is fed to Video Processing 
Logic for composite generation. This Signal determines 
the horizontal position of the displayed text. 


UM6845/A/B 


Display Enable (DISPTMG) 

This TTL compatible output is an active high signal which 
indicates the CRTC is providing addressing in the active 
display area. 


READING DISPLAY/CHARACTER GENERATOR 
ADDRESSING 
The CRTC provides Memory Addresses (MAO-MA13) to 


scan the display RAM. Also provided are Raster Addresses 
(RAO-RAA) for the character ROM. 


Reading Memory Addresses (МАО -МА 13) 
These 14 outputs are used to read the display memory. 


Raster Addresses (RAO-RA4) 
These 5 outputs from the internal Raster Counter: address 
the character ROM for the row of a character, 


OTHER PINS 


Cursor (CUDISP) 
This output signal indicates the cursor display signal sent 
to the video processing logic to display in the proper area. 


Clock (CLK) 
CLK, TTL/MOS compatible input is used to synchronize 
all CRT control signals. An external dot counter is used 


to derive this signal which is usually the character rate 


іп an alphanumeric CRT. The active transition 15 high to 


low. 


Light Pen Strobe (LPSTB) 

This high impedance TTL/MOS compatible input latches 
the current display memory address in the register file. 
Latching is on the low to high edge and is synchronized 
internally to character clock. 


Vcc. Gnd (Vcc, Vss) Power Supply Pins. 

Reset (RES) 

The RES input is used to reset the CRTC. Ап input low 
leve! оп RES forces CRTC into the following status: 


(а) All the counters in CRTC are cleared and the device 
Stops the display operation. 

(b) A All the outputs go to low level. 

(c) Control registers in CRTC remain unchanged. 


This signal is different from other MC 6800 family in the 

following functions: 

(a) RES signal has capability of reset function only when 
LPSTB is at low level. 


(b) The CRTC starts the display operation immediately 
after the release of RES signal. 
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CRTC INTERNAL REGISTER ASSIGNMENT 





Table 2. CRTC Internal Registers 
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Table 2. Shows The Register File In CRTC, Тһе Registers Marked* (Written Value) = (Specified Value) — 1 
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REGISTER DESCRIPTION 


Address Register (AR) of H Sync output. И is the total of displayed plus non- 
The Address Register is a 5-bit write-only register used displayed character time units minus one. | 
as an "indirect" or “pointer” register. Its contents аге 
the address of one of the other 18 registers in the file. Horizontal Displayed Register (R1) 
When RS and CS are low, the Address Register itself is This 8 БИ register determines the number of displayed 
addressed. When RS is high, the register file is accessed, characters per horizontal line, 
(see Table 2). 

Horizontal Sync Position Register (R2) 
Horizontal Total Register (RO) This 8 bit register determines the horizontal sync position 
This 8 bit Register determines the horizontal frequency on the horizontal line. 
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Syne Width Register (R3) 





This 8 bit write-only register determines the width of the 
Vertical Sync (VS) pulse and the Horizontal Sync (HS) 
pulse. | 


The HS pulse width may. бе programmed Кот 1-ю-15 
character clock periods. The VS pulse width may be 
programmed from 1-to-16 Raster scan lines. (see Table 3). 


Vertical Total Register (R4) and Vertical Total Adjust 
Register (R5) 

The vertical frequency of VSYNC is determined by both 
R4 and R5. The calculated number of character line 
times is usually an integer plus a fraction to get exactly 
а 50 or 60Hz vertical refresh rate. The integer number 
of Character line times minus one is programmed in the 
7 bit write-only Vertical Total Register, the fraction is 
programmed in the 5 bit write-only Vertical Scan Adjust 
Register as a number of scan line times. 


Vertical Displayed Register (R6) 

This 7-bit write-only register specifies the number of 
displayed character rows on the CRT screen, and is pro- 
grammed in character row times. Апу number smaller 
than the contents of R4 may be programmed into R6. 


Table 3. Sync Width Register 


Pulse Width: 
Unit: H 
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0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
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H: Raster Period 





Vertical Sync Position (R7) 

This 7-bit write-only register controls the position of 
vertical sync with respect to the reference. It is program- 
med in character row times. Any number equal to or less 
than the vertical total (R4) may be used. 


Interlace Mode and Skew Register (R8) 


са | со | |»! | [рь 


This ва register used to program raster scan mode and 
skew of CUDISP signals and DISPTMG signals. In the 
non-interlace mode, the rasters of even number field and 
odd number field are scan duplicated. In the interlace . 
sync mode, the rasters of odd number field are scanned 
in the middle of even number fields. Thus, the same char- 
acter pattern is displayed in both fields. In the interlace 
sync and video mode, the raster scan method is the same 
as the interlace sync mode, but it is controlled to display 
different character patterns in two fields. Skew function 
is used to delay the output timing of CUDISP and DISPTMG 
signals such that they are synchronized with serial video 
Output signals. This is due to the time delay from display 
memory data to serial output character pattern. (see Table 
4). 


Pulse Width 
Unit: CH 


oO м OO њом — 
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СН: Сһагастег Сїоск Регјод 
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Table.4. Іптегігсе Mode and Skew Register 














Interlace Mode (2! , 29) 





И ПОС Е 
оо [ем — 
1 


[9 ОИ МИС 
1 | 0 Two-Character Skew 


DISPTMG Skew Bit (25, 27) 


DISPTMG Signal 


Maximum Raster Address Register (R9) 









| Two-Character Skew 


This is a register used to program maximum raster addresses programmed. 

within 5-bits. This register defines total number of rasters 

per character including space. This register is programmed For Interlace Sync & Video Mode 

as follows. When total number of rasters is RN, (RN-2) shall be 
programmed. | 


For Non-interlace Mode, interlace Sync Mode 
When total number of rasters is RN, (RN-1) shall be 


Non-Interlace Mode 
Total Number of Rasters 5 


0 

1 Programmed Value М, = 4 

2 ----------- ) )] (The same as displayed total number of rasters) 
3 | 
4 


Raster Address 


Interlace Sync Mode 


Ü m Total Number of Rasters 5 
C See Se кішік 0 Programmed Value N, 4 
]| — асъ (Іп the interlace sync mode, total number of rasters іп both the even and 
SSS SS SS 1 odd fields is ten. On programming, half of it is defined as total number of 
SSS rasters). 
nor =s E M Е = 2 
3 
= = mn мартан pera ды : 3 
4 ————M 
mor PEN 


Raster Address 
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Interlace Sync & Video Mode 





(Je — | Total Number of Назтег5 5. 
--------- ----- 1 Ргодгаттей Маше М, = 3 

2. — (Total number of rasters is displayed in the even field and the odd field) 
--------- --- 3 

4 


Cursor Start Raster Register (R10) 


БЛЕЗ ЕТЕК ЕКИ address by lower 5-bits (20.24) and the cursor display 


This is a register used to program the cursor start raster mode higher 2-bits (2°, 29). (see Table 5). 


Table 5. Cursor Display Mode 


| Cursor Display Mode 





БЕ БЕНЕН БЕСТІ 00 
ССИ зэ. 00 
NCMO 








Blink, 16 Field Period | 
Blink, 32 Field Period | 


Cursor End Raster Register (R11) 


This is a register used to program to cursor end raster The higher 2-bits (26, 27) of R14 are always “0”. · 
address. | | 
Light Pen Register (R16, R17) : 
Start Address Register (R12, R13) These read-only registers are used to catch the detection 
` These are used to program the first address of refresh address of the light pen. Тһе higher 2-bits (26,27) of 
memory to read out. Paging and Scrolling is easily per- R16 are always "0". Its value needs to be corrected by 
formed using this register. This register can be read but software because there is time delay from the address 
the higher 2-bits (26,27) of R12 are always “0 “ output of the CHTC to the signal input LPSTB pin of 
the СЕТС. іп the process raster is lit after the address 
Cursor Register (R14, R15) output and the light pen detects it. 


These two read/write registers store the cursor location. 
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CRTC Register Comparison Table 
NON-INTERLACE 







































UM6845R/RA/RB 
MC6845R . UM6845/A/B 
MC6845 UM6845E/EA/EB 


(& Vertical *1) & Vertical & Vertical 
| «R4 «RA «R4 «R4 


Row/Column or 
Binary Addr. 
Shared or 
Transparent 
Addr. 


Display Enable 












Mode 82 
Select 









B3 





(Display Enable Display Enable 
















Skew *1) Skew Skew 
(Display Enable Display Enable | Cursor Skew 
Skew *1) Skew 











(Cursor Skew *1) Cursor Skew ВА4/ 


В6 
(Cursor Skew *1) Cursor Skew Transparent 


B7 







Write Only ` 
Read/Write Read/Write Write Only 


Read/Write 
(MC6845 & *1) 
R16/R17 Position Read Only Read Only Read Only Read Only 


R18/R19 Update N/A N/A N/A Transparent 
Addr. Register Mode Only 
R31 Dummy Register N/A N/A N/A Transparent 

Mode Only 
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R12/R13 Display Addr. 
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CRTC Register Comparison Table. (Continued) 
INTERLACE SYNC 

RO Нтота! Total-1 = Odd Total-1 = Odd Total-1 = Odd Тота!-1 = Odd 
or Even or Even 


INTERLACE SYNC AND VIDEO 


Odd/Even Only Even Odd/Even Odd/Even 


R11 Cursor End Odd/Even Both Even Odd/Even Odd/Even | 
zsm — |28мы | зуме __ |37мн; 




























U RA/RB 
Register 5. а MC6845R UM6845/A/B 
MC6845*1 HD6845R HD6845S 








Ordering Information 


УМ6845 
U M6845A 
UM6845B 








40L DIP 
40L DIP 
40L DIP 
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UM6845R/RA/RB 


CHT Controller 





Features 


в Single + 5 volt (£596) power supply 


m Fully programmable cursor 


8 Alphanumeric and limited graphics capabilities = External light pen capability 


Fully programmable display (rows, columns, blanking, 


etc.) 


Interlaced or non-interlaced scan 


= 50/60 Hz operation 


General Description 


Capable of addressing up to 16K character Video Display 
RAM. 

= No DMA required 

m Straight-binary addressing for Video Display RAM: 


The UM6845R/RA/RB is a CRT Controller intended to feature is the inclusion of several modes of operation, so 
provide capability for interfacing any microprocessor that the system designer can configure the system with a 
family to CRT or TV-type raster scan displays. A unique wide assortment of techniques. 


Pin Configuration 












GND Í |! 

RES [ 12 

LPEN [ 13 
CCO/MAO (714 
ССТ/МАТ [ 15 
CC2/MA2 Ц] 6 
ССЗ/МАЗ [ 17 
CC4/MA4 | 18 
ССБ/МАБ Г 19 
CC6/MA6 L | 10 
СС7/МА7 11 
СВО/МА8 [ 112 
CR1/MA9 | | 13 
CR2/MA10 [ | 14 
СВЗ/МА11 | | 15 
CR4/MA12 [ ] 16 
СВ5/МА1З [_] 17 


DISPLAY ENABLE | f 18 


CURSOR [ 1 19 
Усс | 120 


89/78/н9Ра9ип 


Block Diagram 


40ГГ| VSYNC 
39 [7] HSYNC 


Усс GND 


HSYNC 
VSYNC 


33[ ово DISPLAY ENABLE 
32| 1081 UM6845R/RA/RB CURSOR 

31| 1082 2 

3o[ | 083 = 

291 | 084 

281 | 085 





251 ] CS MA0-MA13 RA0-RA4 
M reu asiy 


VIDEO DISPLAY RAM AND CHARACTER ROM 
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Absolute Maximum Ratings* *Comments 

Supply Voltage, Усс.............. —0.3V to + 7.0V Stresses above those fisted under ‘‘Absolute Maximum 
Input/Output Voltage, Мм ......... —0.3V to + 7.0V Ratings’’ may cause permanent damage to the device. 
Operating Temperature, Top ........... 0°C to 70°C These are stress ratings only. Functional operation of 
Storage Temperature, TsrG ......... —55°С to 150°C this device at these or any other conditions above those 
Notice: indicated in the operational sections of this specification 
All inputs contain protection circuitry to prevent damage 5 not implied and exposure to absolute maximum rating 
due to high static discharges. Care should be exercised to conditions for extended periods may affect device re- 
prevent unnecessary application of voltages in excess of liability. 


the allowable limits. 


DC Electrical Characteristics 
(Мсс = 5.0V £5%, ТА = 0 — 70°C, unless otherwise noted) 


Umm [o | 







Input Leakage ($2, R/w, RES, CS, RS, LPEN, CCLK) 


Three-State Input Leakage (DBO-DB7) 
VIN = 0.4 to 2.4V 











Output High Voltage 
ОАО = —205 uA (DBO-DB7) 
одо = —100 BA (all others) 








Output Low Voltage 
|. ОАО = 1.6mA 






Power Dissipation 










Input Capacitance . 
$2, R/w, RES, CS, RS, LPEN, CCLK 











| Output Capacitance 


TEST LOAD 


Vcc 


UM6845R PIN 





А = 1кО FOR DBO—DB7 = 
R= 24К FOR ALL OTHER OUTPUTS 

С = 130pF TOTAL FOR 080-087 

С = ЗОРЕ ALL OTHER OUTPUTS 
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AC Characteristics 
MPU BUS INTERFACE CHARACTERISTICS 





WRITE CYCLE READ CYCLE 
ІСҮС tCYC 
PWEH РМЕН 


| Р 
Е PWEL Е WEL 


ВЕ = «ме ча 


СН 
св нм Җ "7| tes _ 7 ша cs жел) ipee 
p v 


ФА 


WRITE TIMING CHARACTERISTICS (Усс -5.0У #5%, Ta = 0 — 70°С, unless otherwise noted) 


| | UM6845R UM6845RA UM6845RB 
Symbol Parameter 


Са | маите ао 
Сан | мантия o 
Св | маите в 
ы ИИ 
Com ЕЕСІТІСТІ 77 


(t, and + = 10 to 30 ns) 













READ TIMING CHARACTERISTICS . (Vcc = 5.0V +5%, TA = 0 — 70°C, unless otherwise noted) 


ЕЕ 


їрнв Read Hold Time 


toa Data Bus Active Time (Invalid Data) 


(1; and t; = 10 to 30 ns) 


290 
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MEMORY AND VIDEO INTERFACE CHARACTERISTICS 
(Усс = 5.OV + 5%, TA = О to 70°C, unless otherwise noted) 





tccy 
PWCL 
CCLK 2.0V 2.0V 
0.8V 0.8V 0.8У 
tr tf 
t 
МАО-МА1З | а 2.4У 0.4V 
tMAD tMAD 
ВАО-ВА4 2.4 | 0.4V 
tRAD tRAD 
DISPLAY ENABLE нэ Шы 0.4\ 
tDTD тото 
Н5ҮМС, У5ҮМС 2.4У 0.4\ 
tHSD ib 
CURSOR bs Бање _ олу 
сор сор 









Озы | тт | Me а 
Стан | Mini Cock Рени не | xo | | | мо 
тиг сөн 











Ото ПЕС Fal Tine for Glock pot | 1-1 5-1 520 
[м | Memory Аайевовуте | 

[ "we | roser adare Doy me [| 
[ wo [Vera Syne Dey Times — | 9 | x | ъ 
[coo | био Disney Timing elev Tm | 160] s |» 





LIGHT PEN STROBE TIMING CCLK 
NOTE: 
"Safe" time position for 





LPEN positive edge to LPEN 
cause address n+2 to load | 

into Light Pen Register. 

tLp2 and tLP1 are time 

positions causing uncertain МАФ-МА 3 п п+ 1 п+2 
results. 


ym arameter [ Min. | 
LPEN Strobe Width 
LPEN to CCLK Delay = | 
CCLK to LPEN Delay | - | 


t, and 1+ = 20 ns (max.) 3—71 
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Pin Description 


MPU INTERFACE SIGNAL DESCRIPTION 


E (Enable) 

The enable signal is the system input and is used to trigger 
all data transfers between the system microprocessor and 
the UM6845R/RA/RB. Since there 15 по maximum limit to 
the allowable E cycle time, it is not necessary for it to be 
a continuous clock. This capability permits the UM6845R/ 
“ВА/ВВ to be easily interfaced to non-6500-compatible 
microprocessors. 


R/W (Read/Write) 

The R/W signal is generated by the microprocessor and is 
used to control the direction of data transfers. A high on 
the R/W pin allows the processor to read the data supplied 
by the UM6845R/RA/RB. A low on the RW pin allows a 
write to the UM6845R/RA/RB. 


. CS (Chip Select) 

, The Chip Select input is normally connected to the pro- 
cessor address bus either directly or through a decoder. 
The UM6845R/RA/RB is selected when CS is low. . . 


RS (Register Select) 

The Register Select input is used to access internal registers, 
A low on this pin permits writes into the Address Register 
and reads from the Status Register. The content of the 
Address Register is the identity of the register accessed 
when RS is high. | 


080—087 (Data Bus) | 
The DBO—DB7 pins are the eight data lines used for 
transfer of data between the processor and the UM6845R/ 
RA/RB. These lines are bi-directional and are normally 
high-impedance except during read/write cycles when 
the chip is selected. 


VIDEO INTERFACE SIGNAL DESCRIPTION 


HSYNC (Horizontal Sync) | 

The HSYNC signal is an active-high output used to 
determine the horizontal position of displayed text. It 
may drive a CRT monitor directly or may be used for 
composite. video generation. Н5УМС time position and 
width are fully programmable. | 


VSYNC (Vertical Sync) 

The VSYNC signal [5 an active-high output used to 
determine the vertical position of displayed text. Like 
HSYNC, VSYNC may be used to drive a CRT monitor 
or composite video generation circuits. VSYNC position 
and width are both fully programmable. 


DISPLAY ENABLE 

The DISPLAY ENABLE signal is an active-high output 
and is used to indicate when the UM6845R/RA/RB is 
generating active display information. The number of 
horizontal displayed characters and the number of vertical 
displayed characters are both fully programmable and 
together are used to generate the DISPLAY ENABLE 
signal. 

CURSOR 

The CURSOR signal is an active-high output and is used 
to indicate when the scan coincides with the programmed 
cursor position. The cursor position may be programmed 
to be any character in the address field. Furthemore, 
within the character, the cursor may be programmed to 
be any block of scan lines, since the start scan line and the 
end scan line are both programmable. 


LPEN 

The СРЕМ signal is ап edge-sensitive input and is used to 
load the internal Light Pen Register with the contents of 
the Refresh Scan Counter at the Чте the active edge 
occurs. The active edge of LPEN is the low-to-high 
transition. 


CCLK | 

The CCLK signal is the character timing clock input and 
is used as the time base for all internal count/control 
functions. 


RES 

The RES signal {$ an active-low input used to initialize all 
internal scan counter circuits. When the RÉS is low, all 
internal counters. are stopped and cleared, all scan and 
video outputs are low, and control registers are unaffected. 
The RES must stay low for at least one CCLK period. 


‚Ай scan timing is initiated when the RES goes high. In 


this way, the RES can be used to synchronize display 
frame timing with line frequency. 


MEMORY ADDRESS SIGNAL DESCRIPTION 


МА0--МА13 (Video Display RAM Address Lines) 

These signals are active-high outputs and are used to address 
the Video Display RAM for character storage and display 
operations. The starting scan address is fully programmable 
and the ending scan address is determined by the total 
number of characters displayed, which 15 also program- 
mable, in terms of characters/line and lines/frame. 


8 Binary Addressing 
Characters are stored in successive memory locations. 
Thus, the software must be developed so that row 
and column co-ordinates are translated to sequential- 
ly-numbered addresses for video display memory 
operations. 
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RAO-RAA (Raster Address Lines) 

These signals are active-high outputs and are used to select 
each raster scan within an individual character row. The 
number of raster scan lines is programmable and determines 
the character height, including spaces between character 
rows. 


HORTOTAL 


НОЯ DISPLAYED 





Horizontal Total (RO) 

This 8-bit register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. 
The frequency of HSYNC is thus determined by this 
register. 


Horizontal Displayed (R1) 
This 8-bit register contains the number of displayed 
characters per horizontal line. 





Horizontal Sync Position (R2) 
This 8-bit register contains the position of the HSYNC on 


VERT 


DISPLAYED NUMBER OF 
RT 


SCAN LINES 
PER 
CHARACTER 
ROW 














Figure 1. Video Display Format 


Description of Internal Registers 


> 
AY 
Figure 1 illustrates the format of a typical video display | | | | 2 
and shows the functions of the various UM6845R/RA/RB E 
internal registers. Figure 2 illustrates vertical and horizontal 8 4 2 1 
timing. Figure 3 summarizes the internal registers and 
indicates their address-selection and read/write сара ds: шы 
ши | (МУМВЕВ ОР 
СНАВАСТЕН СІОСК 

Address Register 


This is a 5-bit register which is used as a "pointer" to 
direct UM6845R/RA/RB data transfers to and from the 
system MPU using the number of the desired register 
(0-31). When RS is low, this register may be loaded; when 
RS is high, the register selected is the one whose identity 
‘is stored in this register. 


Status Register 
This 2-bit register is used to monitor the status of the 
CRTC, as follows: 


|7|6|5|4|3|2|1|0 


| NOT USED Е 


VERTICAL BLANKING 

“0”: Scan currently not in vertical blanking 
portion of its timing. 

414: Sean currently in its vertical blanking 
time. 


LPEN REGISTER FULL 

“0%: This bit goes to "0" whenever either 
register R16 or R17 is read by the MPU. 
“1”: This bit goes to 71” whenever а LPEN 
strobe occurs. 5 | 


МОТ USED 


the horizontal line, іп terms of the character location 
number on the line. The position of the HSYNC deter- 
mines the left-to-right location of the displayed text on 
the video screen. In this way, the side margins are adjusted. 


Horizontal and Vertical SYNC Widths (R3) 
This 4-bit register programs the width of HSY NC. 


| | 6|5]4]|3|2|1]о 


TIMES) 


VSYNC width is set to 16 scan line times. 


Vertical Total (R4) 

The Vertical Total Register is a 7-bit register containing 
the total number of character rows in a frame, minus one. 
This register, along with R5, determines the overall frame 
rate, which should be close to the line frequency to ensure 
flicker-free appearance, |f the frame time is adjusted to 
longer than the period of the line frequency, then RES 
may be used to provide absolute synchronization. 


Vertical Total Adjust (85) 


The Vertical Total Adjust Register is a 5-bit write-only ` 


register containing the number of additional scan lines 
needed to complete an entire frame scan and is intended 
as a fine adjustment for the video frame time. 


Vertical Displayed (R6) 

This 7-bit register contains the number of displayed 
character rows in each frame. In this way, the vertical 
size of the displayed text is determined. 


Vertical Sync Position (R7) 
This 7-bit register is used to select the character row time 
at which the VSYNC pulse is desired to occur and, thus, 


‚ $ used to position the displayed text vertically. 
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1 COMPLETE FIELD (VERTICAL TOTAL) 





VERTICAL DISPLAYED 


DISPLAY 
ewe Г U UU UU UU UU ЕНЕҢ ЕНЕ 


HSYNC 
VSYNC 
мога XK ХОООООООООСОООООООО 


1 COMPLETE SCAN LINE (HORIZONTAL TOTAL) 
HORIZONTAL DISPLAYEO 









DISPLAY 
ENABLE 


HSYNC 





— QUAS NOU ренесансне 





MAO-MA13 





RAO-RA4 





| Figure 2. Vertical and Horizontal Timing 


Mode Control (R8) 


This register is used to select the operating modes of the | 


UM6845R/RA/RB and is configured as follows: 


Interlace SYNC Raster Scan 


Interlace SYNC and Video Raster Scan 








Scan Line (R9) 
This 5-bit register contains the number of scan lines per 
character row, including spacing minus one. 


Cursor Start (R10) and Cursor End (R11) 
These 5-bit registers select the starting and ending scan 
lines for the cursor. In addition, bits b and 6 of R10 are 
used to select the cursor mode, as follows: 


CURSOR MODE 
1 
1 










[8 | 5 

| omm 
шэн нээн жишин 
ВЕЗА ЖЕЗ Blink at 16 x Ней period 
Ld У 


Blink at 32 x field period 
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Note that the ability to program both the start and end 
scan line for the cursor enables either block cursor or 
underline to be accommodated. Registers R14 and R15 
are used to control the character position of the cursor 
over the entire 16K address field. 


Display Start Address High (R12) and Low (R13) 

. These registers together comprise a 14-bit register 
containing the memory address of the first character of 
the displayed scan (the character on the top left of the 
video display, as in Figure 4). Subsequent memory ad- 
dresses are generated by the UM6845R/RA/RB as a result 
of CCLK input pulses. Scrolling of the display is accom- 
plished by changing R12 and R13 to the memory address 
associated with the first character of the desired line of 
text to be displayed first. Entire pages of text may be 
scrolled or changed as well via R12 and R13. 













шэг 222120. 1 





— 


за. “гүй 
А13 preter dull 


Cursor Position (L) 
Light Pen Reg (H) 
Light Pen Reg (L) 


Notes: ха Designates binary bit 





|| Address Reg. “| || Address Reg. “| 
"Вара па Register Name Stored Info. 


22222. 
ККК 
ТЕЕ шшш ee NNN Аа | Аз ла АА 


ee ee ONE ы! 


ЇЇ ыт n — 
Position 

БЫ ЕС ЫЛ ЕСЕН 
Widths #Char. Times 

| ма [vetm өмнөө 
оо [в [етеш лана | # имя 

| по [Ven Damave | Жош көн | 

Ге зөвөө | 

Гэв әне Белет _ 


Cursor Position High (R14) and Low (R15) 

These registers together comprise a 14-bit register 
containing the memory address of the current cursor 
position. When the video display scan counter (MA lines) 
matches the contents of this register, and when the scan 
line counter (ВА lines) falls within the bounds set by R10 
and R11, then the CURSOR output becomes active. Bit 
5 of the Mode Control Register (R8) may be used to delay 
the CURSOR output by a full CCLK time to accommodate 
slow access memories. 


LPEN High (R16) and Low (R17) 

These registers together comprise a 14-bit register whose 
contents is the light pen strobe position, in terms of the 
video display address at which the strobe occurred. When 


the LPEN input changes from low to high, on the next 


negative-going edge of CCLK the contents of the internal 
scan counter are stored in registers R16 and R17. 






Register Bit. 
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У| МА 
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Le 
LE 
007 
507 
967 
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Designates unused bit. These bits аге always “О”, except for CS = 1, which 


does not drive the data bus at alf. 


Figure 3. Internal Register Summary 
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STRAIGHT BINARY ADDRESSING SEQUENCE 
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Figure 4. Display Address Sequences (with Starting 


Address 7 0) for 80 x 24 Example 
SYSTEM VSYNC 
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Figure 5. Shared Memory System Configuration 
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Memory Contention Schemes for Shared Memory 
Addressing 


From Figure 5, it is clear that both the UM6845R/RA/RB 
and the system MPU must be capable of addressing the 
video display memory. The UM6845R/RA/RB repetitively 
fetches character information to generate the video signals 
in order 10 keep the screen display active. The MPU 
occasionally accesses the memory to change the displayed 
information or to read out current data characters. There 
are three ways of resolving this dual contention: 


MPU PRIORITY 

With this method, the address lines to the video display 
memory are normally driven by the UM6845R/RA/RB 
unless the MPU needs access, in which case the MPU 
addresses immediately override those from the UM6845R/ 
RA/RB and the MPU has immediate access. 


ф1/ф2 MEMORY INTERLEAVING 

This method permits both the UM6845R/RA/RB and the 
MPU access to the video display memory by time-sharing 
ма the system $1 and $2 clocks. During the $1 portion of 
each cycle (the time when E is low), the UM6845R/RA/RB 
address outputs are gated to the video display memory. 
In the $2 time, the MPU address lines are switched in. 
In this way, both the UM6845R/RA/RB and the MPU 
have periods of unimpeded access to the memory. Figure 6 
illustrates the timings. 








MPU CYCLE MPU CYCLE 





VIDEO 
DISPLAY 


MPU | UM6845R 
| ADDRESS MAO-MVA13 





UM6845R 
МАО-МА1З 


Figure 6. 01/02 |тепеам па 


МЕМОНУ 
ADDRESSES 


INTERLACED MODES 
There are three raster-scan display modes (see Figure 7). 


а) Non-Interlaced Mode. In this mode each scan line is 
refreshed at the vertical field rate (BO or 60Hz). 


іп the interlaced scan modes, even and odd fields 
alternate to generate frames. The horizontal and vertical 
timing relationship causes the scan lines in the odd 
fields to be displaced from those in the even fields. 
The two additional raster-scan display modes pertain 
to interlaced scans. 
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b) Interlaced Sync Mode. This mode is used when the same 


C 


— 


information is to be displayed іп both odd and even 
fields. Enhanced readability results because the spaces 
between adjacent rows are filled and a higher quality 
character is displayed. This is achieved with only a 
slight alteration in the device operation: in alternate 
fields, the position of the VSYNC signal is delayed by 
% of a scan line time. This is illustrated in Figure 8 and 
is the only difference in the UM6845R/RA/RB opera- 
tion in this mode. 


Interlaced Sync and Video Mode. This mode is used 
to double the character density on the screen by dis- 
playing the even lines in even fields and the odd lines 
in odd fields. As in the Interlaced Sync mode, the 
VSYNC position is delayed in alternate display fields. 
In addition, the address generation is altered. | 
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INTERLACED SYNC AND VIDEO 


Figure 7. Comparison of Display Modes 
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Figure 8. Interlaced Sync Mode and Interlaced Sync & 
Video Mode Timing 
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CRTC Register Comparison Table 
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(& Vertical *1) : & Vertical & Vertical 
<R4 м... (ee «R4 
















Mode 82 Row/Column or | 
Select Binary Addr. 


Shared or 
Transparent 
Addr. 











(Display Enable Display Enable | Display Enable 
Skew 
Display Enable 
Skew | 
Cursor Skew 
Cursor Skew 








Skew *1) Skew 
(Display Enable Cursor Skew 
Skew *1) 

















B6 (Cursor Skew *1) ВА4/ 


(Cursor Skew #1) Transparent 


B7 


Write-only | | 
Read/Write Read Write Write-only 


Read/Write 
(MC6845 & *1) 


R18/R19 Update N/A N/A N/A Transparent 

Addr. Register ч Моде Оп!у 

R31 Dummy Register N/A N/A N/A Transparent 
| Mode Only 
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R12/R13 Display Addr. 
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CRTC Register Comparison Table. (Continued) 
INTERLACED SYNC 










UM6845/A/B 
HD6845S 


RO Нїота! Total-1 = Odd Total-1 = Odd Total-1 = Odd Total-1 = Odd 
| ог Еуеп ог Еуеп 


INTERLACED SYNC AND VIDEO 


| 
Odd/Even Only Even Odd/Even Odd/Even 


R11 Cursor End Odd/Even Odd/Even Odd/Even 
| 2.5 MHz 25 MHz 3.7 MHz 3.7 MHz 
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Ordering Information 
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Features 


Single + 5 volt (+ 596) power supply 

в Alphanumeric and limited graphics capabilities 

Fully programmable display (rows, columns, blanking, 
etc.). 

Interlaced or non-interlaced scan 

50/60 Hz operation 

Fully programmable cursor 

External light pen capability | 
Addressing capability up to 16K-character Video Display 
RAM 


General Description 


The UM6845E/EA/EB is a CRT Controller intended to pro- 
vide capability for interfacing 8 or 16-bit microprocessors 
to CRT or TV-type raster scan displays. It's unique feature 


Pin Configuration 




















GND [ ]! 40 || VSYNC 


RES | 12 39] | HSYNC 

LPEN | (3 38 | | ВАО 
CCO/MAO | |4 37 | | ВАТ 
СС1/МА1 | 15 36 | | RA2 


СС2/МА2 L 16 
ССЗ/МАЗ | 17 
CC4/MA4 Г 18 
ССБ/МАБ | |9 
CC6/MA6 Г | 10 
СС7/МА7 [ 111 
СВО/МАВ | 112 
CR1/MA9 [ 113 
CR2/MA10 [ | 14 
СВЗ/МА1117115 
CR4/MA12 Г | 16 
CR5/MA13 [ | 17 
DISPLAY ENABLE (118 
CURSOR| 119 
Усс | |20 


080-087 


RAN 
С5 
RS 


83/v3/3sv89Wn 


E 


No DMA required 
Pin-compatible with MC6845R 
Row/column or straight-binary 
Display ВАМ. 


addressing for Video 


Video Display RAM configurable as part of mi- 


croprocessor memory field or as independent slave to 


UM6845 

Internal status register 

3.7 MHz character clock 
Transparent address mode 





is the inclusion of several: modes of operation, so that 
the system designer can configure the system with a wide 


assortment of features. 


Block Diagram 


Vec GND 


UM6845E/EA/EB 


А МАО-МА13 RAO-RA4 / 
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VSYNC 

DISPLAY ENABLE 
CURSOR 
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CCLK 
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VIDEO DISPLAY RAM AND CHARACTER ROM 
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Absolute Maximum Ratings* 


supply Voltage, с... —0.3V to +7.0М 
Input/Output Voltage, Vin ......... —0.3V to *7.0V 
Operating Temperature, Top ........... 0°C to 70°C 
Storage Temperature, Tstg ......... —65°С to 150°C 


All inputs contain protection circuitry to prevent damage 
due to high static discharges. Care should be exercised 
to prevent unnecessary application of voltages in excess 
of the allowable limits. | 


DC Electrical Characteristics 
(Vcc = 5.0V £596, Ta = 0 — 70°C, unless otherwise noted) 






Input High Voltage 


тен 


Output High Voltage 
Vou ОАР = —205uA (DBO-DB7) 


Подо = —10044A (all others) 


Output Low Voltage 
одо = 1.бтА 


Роууег Dissipation 







Input Capacitance 
$2, R/W, RES, CS, RS, (РЕМ, СС K 
DBO-DB7 





Test Load 


UM6845E PIN 


Я = 11K02 FOR DBO—DB7 





lin Input Leakage ($2, R/W, RES, CS, RS, LPEN, CCLK) 


: | Three-State Input Leakage (080-087) 
ШЕ Vin = 0.4 to 2.4V 


Input Low Voltage 








CouT Output Capacitance | | 


*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 





2. 


i a 


Усс 





В =24КО FOR ALL OTHER OUTPUTS 
C = 130pF TOTAL FOR 080-087 
C = ЗОРЕ ALL OTHER OUTPUTS ` 
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MPU Bus Interface Characteristics 
WRITE CYCLE READ CYCLE 
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Write Timing Characteristics (Усс = 5.0V 55%, TA = 0 — 70°C, unless otherwise noted) 


















PWEH E Pulse Width, High 





(tr and t£ = 10 to 30 ns) 


CH i 


| ETS 

NUN 

| Du) 

| |420 | 

ээ E 
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| ШЕ 
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Read Timing Characteristics (Vcc = 5.0V + 5%, Ta = 0 — 70°C, unless otherwise noted) 


ше PIE ETE EIS 
Parameter 


| | Min. | 
| сүс | Cvele Time рю 
| PwEH | Фа Pulse Width, Hion | 440 | 
ЛАН ы rs oe 
ІН ЭГ e C ЕСЕ 
ЖЕЛЕ 
| 9o 
Ew 
ЕСІМ 
ШЕСЕ 










MAO-MA13 Switching Delay 


(tr and 1+ = 10 to 30 ns) - 


| tAH | Address Hold Time 
ts а R/W, CS Set-Up Time 


1.0 
440 
420 
10 
20 
100 
yp. 
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Memory and Video Interface Characteristics 
(Vec = 5.0V + 5%, TA = 0 to 70 С, unless otherwise noted) 





ІССҰ 
PWCL 
CCLK 20V 20V 
0.8V. 0.8V 
tr ч 
ссн n 
MAO-MA13 2.4V 
"МАО 
ВАО-НА4 2.4V 
tRAD 
DISPLAY ENABLE 2.4V 
ото 
HSYNC, VSYNC 2.4У 
tHsD 
tvsD 
CURSOR 2.4У 
tCDO 





. Minimum Clock Pulse Width, High — 









Display Timing Delay Time . 
Horizontal Sync Delay Time 
Vertical Sync Delay Time 

Cursor Display Timing Delay Time 












Transparent Addressing (6 1/92 Interleaving) Light Pen Strobe Timing 
tTAD. tTAD CCLK 
E LPEN 
MAO- DISPLAY UPDATE МАо-МА зз п п+ 1 п+2 
MA13 ADDR ADDR 





Note: "Safe" time position for LPEN positive edge 
to cause address n * 2 to load into Light Pen Register. 
tLP2 and t, P1 are time positions causing uncertain results. 









eo Е a 


Сме [ m Сме. 

[um СЕТЕ — | to | - | o | - | 100 
cum | eneco | — | m | - | wo] - | 0 | мо 

жож 





LPEN to CCLK Delay | - | 
Lum | cemas БЕСІН БЕСІН БЕСІН ЕСЕН 


tr and 1+ = 20 ns (тах.) 
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MPU Interface Signal Description 


E (Enable) 

The enable signal is the system input and is used to trigger 
all data transfers between the system microprocessor and 
the UM6845E/EA/EB. Since there is no maximum limit 
to the allowable E cycle time, it is not necessary for it to 
be a continuous clock. This capability permits the 
UM6845E/EA/EB to be easily interfaced to non-6500- 
compatible microprocessors. 


R/W (Read/Write) 

The R/W signal is generated by the microprocessor and is 
used to control the dírection of data transfers. A high on 
the R/W pin allows the processor to read the data supplied 
by the UM6845E/EA/EB; a low on the RAN pin allows 
а write to the UM6845E/EA/EB. 


CS (Chip Select) 

The Chip Select input is normally connected to the pro- 
cessor address bus either directly or through a decoder. 
The UM6845E/EA/EB is selected when CS is low. 


RS (Register Select) 

The Register Select input is used to access internal registers. 
A low on this pin permits writing into the Address 
Register and reads from the Status Register. The Address 
Register contains the identity of the register accessed 
when RS is high. 


DBO-DB7 (Data Bus) 
The DBO-DB7 pins are the eight data lines used for transfer 
of data between the processor and the UM6845E/EA/EB. 
These lines are bi-directional and are normally high-im- 
pedance except during read/write cycles when the chip 
is selected. | 


Video Interface Signal Description 


HSYNC (Horizontal Sync) 

The HSYNC signal is an active-high output used to deter- 
mine the horizontal position of displayed text. It may 
drive a CRT monitor directly or may be used for composite 
video generation. HSYNC time position and width are 
fully programmable. ` . 


VSYNC (Vertical Sync) 

The VSYNC signal is an active-high output used to deter- 
mine the vertical position of displayed text. Like HSYNC, 
VSYNC may be used to drive a CRT monitor or composite 
video generation circuits. VSYNC position and width are 
both fully programmabie. 


DISPLAY ENABLE 

The DISPLAY ENABLE signal is an active-high output 
and is used to indicate when the UM6845E/EA/EB is 
generating active display information. The number of 
horizontally displayed characters and the number of 
vertically displayed characters are both fully programmable 
and together are used to generate the DISPLAY ENAB LE 
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signal. DISPLAY ENABLE тау ђе delayed by one char- 


-acter time by setting bit 4 of R8 toa 71", 


CURSOR 
The CURSOR signal is an active-high output and is used - 
to indicate when the scan coincides with the programmed 
cursor position. Тһе cursor position may be programmed 
to be any character in the address field. Furthermore, : 
within the character, the cursor may be programmed to 
be any block of scan lines, since the start scan line and the 
end scan line are both programmable. The CURSOR 
position may be delayed by one character time by setting 
bit 5 of R8 toa "1". 


LPEN 

The LPEN signal 15 ап edge-sensitive input and is used to load 
the internal Light Pen Register with the contents of the 
Refresh Scan Counter at the time the active edge occurs. 
The active edge of LPEN is the low-to-high transition. 


CCLK 4. 
Тһе CCLK signal is the character timing clock input and is 
used as the time base for all internal count/control func- 
tions. 


RES 

The RES signal is an active-low input used to initialize all 
internal scan counter circuits. When RES {5 low, а! internal 
counters are stopped and cleared, all scan and video outputs 
are low, and control registers are unaffected. RES must 
stay low for at least one CCLK period. All scan timing 
is initiated when RES goes high. In this way, RES can 
be used to synchronize display frame timing with line 
frequency. 


Memory Address Signal Description 


МА0-МА13 (Video Display RAM Address Lines) 

These signals are active-high outputs and are used to address 
the Video Display RAM for character storage and display 
operations. The starting scan address is fully programmable 
and the ending scan address is determined by the total 
number of characters displayed, which is also program- 
mable, in terms of characters/line and lines/frame. 


There are two selectable address modes for MAO-13: 

в Binary | 
Characters are stored in successive memory locations. 
Thus, the software must be developed so that row and 
column co-ordinates are translated to sequentially 
numbered addresses for video display memory opera- 
tions. 

= Row/Column 
In this mode, MAO-7 functions as the column addresses 
CCO-7, and МА8-13, as row addresses CRO-CR5. іп 
this case, the software may handle addresses in terms 
of row and column locations, but additional address 
compression circuits are needed to convert CCO-7 
and CRO-5 into a memory-efficient binary scheme. 
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RAO-RA4 (Raster Address Lines) 


These signals are active-high outputs and are used to select 
each raster scan within an individual character row. The 
number of raster scan lines is programmable and determines 
the character height, including spaces between character 
rows. 


The high-order line, RA4, is unique in that it can also 
function as a strobe output pin when the UM6845E/EA/EB 
is programmed to operate in the “Transparent Address 
Mode". in this case the strobe is an active-high output 
and is true at the time the Video Display RAM update 
address is gated on to the address lines, МАО-МА1З. In 
this way, updates and readouts of the Video Display 


RAM can be made under control of the UM6845E/EA/EB 
with only a small amount of external circuitry. 


HORTOTAL 


| HOR DISPLAYED | 
St 


ГА в [сТотеТР сн | КА | | || | 
2121: 51:1:1:1-1 e 










5САМ 
LINES 


Description of Internal Registers 


Figure 1 illustrates the format of a typical video display 
and shows the functions of the various UM6845E/EA/EB 
internal registers. Figure 2 illustrates vertical and horizontal 
timing. Figure 3 summarizes the internal registers and 
indicates their address selection and read/write capabilities. 


Address Register 


This is a 5-bit register which is used as a “pointer” to direct 
UM6845E/EA/EB data transfers to and from the system 


MPU. its contains the number of the desired register . 


(0-31). When RS is low, then this register may be loaded; 


when RS is high, then the register selected is the one whose ` 


identity is stored in this register. 
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Figure 1. Video Display Format 


Status Register 


This 3-bit register is used to monitor the status of the 
CRTC, as follows: 





NOT USED 


VERTICAL BLANKING 

“0”: Scan is not currently in vertical blanking 
portion of its timing 

“1”: Scan currently is in its vertical blanking 
time. 


LPEN REGISTER FULL 

“9”: This bit goes to ''O' whenever either 
register R16 or R17 is read by the MPU. 

“15: This bit goes to ''1'' whenever а LPEN 
strobe occurs. 


UPDATE READY 

"0%: This bit goes to 0” when register R31 
has been either read or written by the 
MPU. 

"4%: This bit goes to 71” when an Update 
Strobe occurs. 


Horizontal Total (RO) 


This 8-bit register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. 


The frequency of HSYNC is thus determined by this 


register. 


Horizontal Display (R1) 


This 8-bit register contains the number of displayed 
characters per horizontal line. 


Horizontal Sync Position (R2) 


This 8-bit register contains the position of the HSYNC 
on the horizontal line, in terms of the character location 
The position of the HSYNC deter- 
mines the left-to-right 


number on the line. 
location of the displayed text 
on the video screen. In this way, the side margins are 


adjusted. 
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VERTICAL DISPLAYED 


1 COMPLETE FIELD (VERTICAL TOTAL) 





DISPLAY 
ewe J U ИО ТИЛ ИШТА қт 


HSYNC 
VSYNC - 
ААА 





HORIZONTAL DISPLAYED 


| 


DISPLAY 
ENABLE 


HSYNC 


MAO-MA13 





RAO-RA4 


1 COMPLETE SCAN LINE (HORIZONTAL TOTAL). 





—— 





| | 














Figure 2. Vertical and Horizontal Timing 


Horizontal and Vertical SYNC Widths (R3) 


This 8-bit register contains the widths of both HSYNC 
and VSYNC, as follows: 


» | |» | „| 2 ; Го] 
208 4 2 1, в 4 2 | 


VSYNC WIDTH* HSYNC WIDTH 


(NUMBER OF SCAN (NUMBER OF CHARACTER 
LINES) CLOCK TIMES) 




















“IF BITS 4-7 ARE ALL “0”, THEN VSYNC WILL BE 
16 SCAN LINES WIDE. 


Control of these parameters allows the UM6845E/EA/EB 
to be interfaced to a variety of CRT monitors, since the 
HSYNC and VSYNC timing signals may be accommodated 
without the use of external one-shot timing. 
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Vertical Total (R4) 


The Vertical Total Register is a 7-bit register containing 
the total number of character rows in a frame, minus 
one. This register, along with R5, determines the overall 
frame rate, which should be close to the line frequency 
to ensure flicker-free appearance. If the frame time is 
adjusted to be longer than the period of the line frequency, 
then RES may be used to provide absolute synchronization. 


Vertical Total Adjust (R5) 


The Vertical Total Adjust Register is a 5-bit write-only 
register containing the number of additional scan lines 
needed to complete an entire frame scan and is intended 
as a fine adjustment for the video frame time. 


Vertical Displayed (R6) 


This 7-bit register contains the number of displayed 
character rows in each frame. In this way, the vertical 
size of the displayed text is determined. 


Vertical Sync Position (R7) 


This 7-bit register is used to select the character row 
time for the VSYNC pulse and thus is used to position the 
displayed text in the vertical direction 
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Mode Control (R8) 


This register is used to select the operating modes of the 
UM6845E/EA/EB апа is outlined as follows: 


244444441446 
| qum 
INTERLACE MODE CONTROL 


[o [nonmen — 
011 interlace SY NC Raster Scan 


111 | Interlace SYNC and Video Raster 
Scan 


VIDEO DISPLAY RAM ADDRESSING 
“0” for straight binary 
“1” for Row/Column 







VIDEO DISPLAY RAM ACCESS 
"0" for shared memory 
"1" for transparent memory addressing. 


DISPLAY ENABLE SKEW 

"0" for no delay 

"1" to delay Display Enable one character 
time 


CURSOR SKEW 
"0" for no delay 
“1” to delay Cursor one character time 


UPDATE STROBE (TRANSPARENT 

.MODE ONLY) 

“0” for pin 34 to function as memory 
address 

"1" for pin 34 to function as update strobe 


UPDATE/READ MODE (TRANSPARENT 

MODE ONLY! 

“0” for updates to occur during horizontal 
and vertical blanking times with update 
strobe 

"1" for updates to be interleaved in $2 
portion of cycle 


Scan Line (R9) 


This 5-bit register contains the number of scan lines per 
character row, including spacing, minus one. 


Cursor Start (R10) and Cursor End (R11) 


These 5-bit registers select the starting and ending scan 
lines for the cursor. іп addition, bits 5b and 6 of В 10 are 
used to select the cursor mode, as follows: 


| 


Note that the ability to program both the start and end 
scan line for the cursor enables either block cursor or 
underlined. Registers R14 and R15 are used to control 






the character position of the cursor over the entire 16K 
address field. 


Display Start Address High (R12) and Low (R13) 


These registers together comprise a  14-bit register 
containing the memory address of the first character 
of the displayed scan (the character on the top left of 
the video display, as in Figure 1). Subsequent memory 
addresses are generated by the UM6845E/EA/EB as a result 
of CCLK input pulses. Scrolling of the display is accom- 
plished by changing R12 and R13 to the memory address 
associated with the first character of the desired line of 
text to be displayed first. Entire pages of text may be 
scrolled or changed as well via R12 and R13. 


Cursor Position High (R14) and Low (R15) 


These registers together comprise а 14-bit register 
containing the memory address of the current cursor 
position. When the video display scan counter (MA lines) 
matches the contents of this register, and when the scan 
line counter (RA lines) falls within the bounds set by 
R10 and R11, then the CURSOR output becomes active. 
Bit 5 of the Mode Control Register (R8) may be used 
to delay the CURSOR output by a full CCLK time to 
accommodate slow access memories. 


LPEN High (R16) and Low (R17) 


These registers together comprise a 14-bit register 


containing the light pen strobe position, in terms of the 


video display address at which the strobe occurred. When 
the LPEN input changes from low to high, on the next 
negative-going edge of CCLK the contents of the internal 
scan counter are stored in registers R16 and R17. 


Update Address High (R18) and Low (R19) 


These registers together comprise a 14-bit register 
containing the memory address at which the next read 
or update will occur (for transparent address mode only). 
Whenever a read/update occurs, the update location auto- 
matically increments to allow for fast updates or readouts 
of consecutive character locations. This is described 
elsewhere in this document. 


Dummy Location (R31) 

This register does not store any data, but is required to 
detect when transparent addressing updates occur. This 
is necessary to increment the Update Address Hegister 
and to set the Update Ready bit in the status register. 


Description of Operation 


Register Formats 
Register pairs R12/R 13, R14/R 15, R16/R17, and R18/R19 
are formatted in one of two ways: 

1. Straight binary if register R8, bit 2 isa 07. 

2. Row/Column if register R8, bit 2 is a "1". In this 
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case the low byte is the Character Column and the 
high byte is the Character Row. 
Figure 4 illustrates the address sequence for the video 
display control for each mode. 


Note from Figure 4 that the straight-binary mode has 
the advantage that al! display memory addresses are stored 


in a continuous memory block, starting with address О and | 


ending at 1919. The disadvantage of this method is that, 
if it is desired to change a displayed character location, 
the row and column identity of the location must be 
converted to a binary address before the memory may 
be written. Тһе row/column mode, on the other hand, 
does not need to undergo this conversion. However, 
memory is not used as efficiently, since the memory 
addresses are not continuous, but gaps exist. This requires 
that the system be equipped with more memory than is 
actually used and this extra memory is wasted. Alterna- 
tively, address compression logic may be employed to 
translate the row/column format into a continuous address 
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block. In this way, the user may select whichever mode 
is best for the given application. The trade-offs between 
the modes are in software and hardware needs. Straight- 
binary mode minimizes hardware requirements and row/ 
column requires minimum software. 


Video Display RAM Addressing 


There are two modes of addressing for the video display 

memory: 

1. Shared Memory 
In thís mode the memory is shared between the MPU 
address bus and the UM6845E/EA/EB address bus. In 
this case, memory contention must be resolved by means 
of external timing and control circuits. Both the MPU 
and the UM6845E/EA/EB must have access to the 
video display RAM and the contention circuits must 
resolve this multiple access requirement. Figure 5 
illustrates the system configuration. 
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SS Designates unused bit, Reading this bit is always “0”, except for R31, which does not drive the 
I data bus at all, and for CS = "1" which operates likewise. | 


Figure 3. Internal Register Summary 
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Straight Binary Addressing Sequence 


- 90 


TOTAL 


- 80 


DISPLAY 





L үд = AV 1dSIG 4 
MESES ye = 1941041 


Row/Column Addressing Sequence 


- 90 


TOTAL 


- 80 


DISPLAY 
COLUMN ADDRESS (МАО-МА7) 








шинж сеанаау мон 
ІШ % = лулава — 


ин ve = IVLOL 


Figure 4. Display Address Sequences (with Start Address = 0) for 80 x 24 Example 
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Figure Б. Shared Memory System Configuration 
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2. Transparent Memory Addressing. 
For this mode, the display RAM is not directly acces- 
sible by the MPU, but is controlled entirely by the 


SYSTEM 
BUS 


UPDATE 
STROBE 


CHARACTER 
DATA DATA 


UM6845E/EA/EB. All MPU accesses are made via the 
UM6845E/EA/EB and a small amount of external 
circuits. Figure 6 shows the system configuration for 
this approach. 















UM6845E/EA/EB 
CRT CONTROLLER 





MAO-MA13 RAO-RAS3 













DISPLAY/UPDATE 
ADDRESS 


SCAN LINE 
COUNT 





CHARACTER 


Figure 6. Transparent Memory Addressing System Configuration (Data Hold Latch 
-. needed for Horizontal/Vertical Blanking updates only). 


Memory Contention Schemes for Shared Memory 
Addressing 


From Figure 5 it is clear that both the UM6845E/EA/ 
EB and the system MPU must be capable of addressing the 
video display memory. The UM6845E/EA/EB repetitively 
fetches character information to generate the video signals 
in order to keep the screen display active. The MPU 
occasionally accesses the memory to change the displayed 
information or to read out current data characters. Three 
ways of resolving this dual contention requirement are 
apparent: | 


в MPU Priority 


In this technique, the address lines to the video display 
memory are normally driven by the UM6845E /EA/EB 
unless the MPU needs access, in which case the MPU 
addresses immediately over-ride those from the 
UM6845E/EA/EB and the MPU has immediate access. 
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= 01/062 Memory Interleaving 


This method gives both the UM6845E/EA/EB and the 
MPU access to the video display memory by time-sharing 
via the system ф 1 and $2 clocks. During the 01 
portion of each cycle (the time when E is low), the 
UM6845E/EA/EB address outputs are gated to the 
video display memory. In the $2 time, the MPU address 
lines are switched т. іп this way, both the UM6845E/ 
EA/EB and the MPU have unimpeded access to the 
memory. Figure 7 illustrates the timings. 


в Vertical Blanking 


With this approach, the address circuitry is identical 
to the case for MPU Priority updates. The only dif- 
ference is that the Vertical Retrace status bit (bit 5 
of the Status Register) is used by the MPU so that access 
to the video display memory is only made during vertical 
blanking time (when bit 5 is a 71"). In this way, no 
visible screen perturbations result. 
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Figure 7. $1/ф2 Interleaving 
MPU CYCLE 
| LA 

ASA DISPLAY UPDATE DISPLAY 

ADDR ADDR ADDR 











UPDATE 
ADDR 


Figure 8. 91/92 Transparent interleaving 


Transparent Memory Addressing 


In this mode of operation, the video display memory 
address lines are not switched by contention circuits, 
but are generated by the UM6845E/EA/EB. In effect, the 
contention is handled by the UM6845E/EA/EB. As a 
result, the schemes for accessing MPU memory are diff- 
erent: 


и 01/02 Interleaving 


This mode is similar to the Interleave mode used with 
shared memory. In this case, however, the $2 address 
is generated from the Update Address Register | 
(Registers R18 and R19) in the UM6845E/EA/EB. Thus, 
the MPU must first load the address to be accessed 
into R18/R19. This address is then always gated 


3—92 


onto the MA lines during $2. Figure 8 shows the 


timing. 


Horizontal/Vertical Blanking 


In this mode, the Update Address is loaded by the 
MPU, but is only gated onto the MA lines during 
horizontal or vertical blank times, so memory accesses 
do not interfere with the display appearance. To 
signal when the update address is on the MA lines, 
an update strobe (STR) is provided as an alternate 
function of pin 34. Data hold latches are necessary 
to temporarily retain the character to be stored until 
the retrace time occurs. In this way, the system MPU 
is not halted waiting for the blanking time to arrive. 
Figure 9 illustrates the address and strobe timing for 
this mode. 
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Figure 9. Retrace Update Timings 


interlaced Modes 


There are three raster-scan display modes (see Figure 
10). 


a) Non-Interlaced Mode 


In this mode each scan line is refreshed at the vertical 
field rate (50 or 60 Hz). 


In the interlaced scan modes, even and odd fields 
alternate to generate frames. The horizontal and ver- 
tical timing relationship causes the scan lines in the 
odd fields to be displaced from those in the even fields. 
The two additional raster-scan display modes pertain 
to interlaced scans. 


b 


— 


Interlaced Sync Mode 


This mode is used when the same information is to 
be displayed in both odd and even fields. Enhanced read- 
ability results because the spaces between adjacent rows 
are filled and a higher quality character is displayed. 
This is achieved with only a slight alteration in device 
operation: in alternate fields, the position of the VSYNC EVEN ODD 





signal is delayed by % of a scan line time. This is 
illustrated in Figure 11, and is the only deviance of 
UM6845E/E A/EB operation in this mode. 


— 


с) Interlaced Sync and Video Mode 


This mode is used to double the character density on 
the screen by displaying the even lines in even fields 
and the odd lines in odd fields. As in the Interlaced- 
Sync mode, the VSYNC position 18 delayed in alternate 





INTERLACED SYNC AND VIDEO 


display fields. іп addition, the address generation is 


altered. Figure 10. Comparison of Display Modes 
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Figure 11. Interlaced Sync Mode and Interlaced Sync & Video Mode Timing 


Cursor and Display Enable Skew Control 


Bits 4 and 5 of the Mode Control register (R8) are used to delay the Display Enable and Cursor outputs, respectively. 
Figure 12 illustrates the effects of the delays. 
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Figure 12. Cursor and Display Enable Skew 
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. Figure 13. Operation of Vertical Blanking Status Bit 


| 
| 
| 
| 
| 
| 
| 


| 


SWITCHES STATE AT 
END OF LAST DISPLAYED. 


л 


BLANKING 


3—95 


UM6845E/EA/EB 





| 
| 
| 
| 
| 


вт | | 
(STATUS 
REGISTER "0" = DISPLAY ACTIVE 

- BIT 5) | 


“17 = VERTICAL 








Соме ИМ6845Е/ЕА/ЕВ 


СВТС Register Comparison Table 
NON- INTERLACED 


























UM6845R/RA/RB 
: MC6845R/RA/RB| UM6845/A/B 
Register MC6845 HD68 Hed UM6845E/EA/EB 
MC6845*1 












R3 Sync Width Horizontal Horizontal Horizontal Horizontal 
(& Vertical *1) & Vertical & Vertical 


R6 Vdisp Any Value Any Value Any Value Any Value 
<R4 <R4 « R4 СВА 


г 


Row/Column ог 
Віпагу Адаг. 
Shared or 
Transparent 
Addr. 

(Display Enable 


Display Enable | Display Enable 
Skew 
Display Enable 
Skew 
Cursor Skew 
(Cursor Skew *1) Cursor Skew Transparent 


В/ 










Моде 82 
Select 

































Skew * 1) Skew 
(Display Enable Cursor Skew 
Skew *1) 

B6 (Cursor Skew *1) ВА4/ 













Write Only 
R12/R13 Display Addr. Read/Write Read/Write Read/Write Write Only 
(МС6845 & *1) 


R16/R 17 Position Read Only Read Only Read Only Read Only 


R18/R19 Update N/A N/A N/A Transparent 
Addr. Register | | Моде Оп!у 
R31 Dummy Register N/A N/A N/A Transparent 

Mode Only 
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CRTC Register Comparison Table (Continued) 
INTERLACED SYNC 


Биш Қ НВ | MC6B45R/RA/RB| 1/М6845/Д/В 
Е HD6845R HD6845S 
RO Htotal Total-1 = Odd Total-1 = Odd Total-1 = Odd Total-1 = Odd 
or Even | | ог Еуеп 


INTERLACED SYNC AND VIDEO 


84 Vtotal 
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Ordering Information 


2.5 MHz | 2.5 МН? 3.7 MHz | 3.7 MHz 





Part Number CPU Clock Rate 


UM6845E 40L DIP 


UM6845EA 40L DIP 


UM6845EB 401 DIP 
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Color Palette With Triple 
6-Bit DAC 





Features 


Pixel Rates of 35 MHz, 50 Mhz & 65 MHz. 
256 x 18 Bit Color Palette 

256K possible Colors 

Color Palette Read-back 

Three Internal 6-Bit DACs 

Direct Drive (7552) Video Cable 

RGB Analog Output 


Description 


The UM70C171 is a monolithic triple 6-bit video digital- 
to-analog converter with on-chip 256 x 18 Bit color 
palette intended for graphics applications. The color 
palette makes possible the display of 256 colors selected 
from a total of 256K possible colors through the internal 
6-bit RGB video DACs. The DACs are capable of driving 


Pin Configurations 
28-Pin DIP 


Po -P7 


LZLOOZINN 





UM70C171L 





Composite Blank 

Single *5V Power Supply 

Low Power, High Performance CMOS Process 
TTL Compatible inputs 

Full Asynchronous uP Interface 

Available in 28 pin DIP and 44 PLCC packages 


single or double terminated 750 loads to normal video 
levels at pixel rates of 35 MHz, 50 MHz, 4 65 MHz. The 
UM70C171 provides a bidirectional microprocessor inter- 
face with TTL compatible inputs. The UM70C171 is 
pin compatible with the Inmos IMS G 171/176. 


Block Diagram 


TIMING 
PCLK —— GENERATOR 













PIXEL LATCH 
AND 
MASK 









COLOR PALETTE 
256 X 18 BIT 






8-BIT 
ADDRESS 


MICRO- 
PROCESSOR 
INTERFACE 







RED 
GREEN 
BLUE 


TRIPLE 
6-BIT 
DAC 


Pixel address inputs 
Program data !/O's 
Register select 
Analog video outputs 
Pixel ciock 


5 
RED, 


Write enable 

Read enable 

Video blanking input 
Reference current 

35 volt supply input 


Ground 
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.-. Description 








These signals are the analog outputs of the 6-bit DACs. These are 
the currents used for each of the guns in an RGB (Red, Green, 
Blue) video display. Each DAC is composed of 63 current sources. 
The output of each of these current sources is summed together 
according to the applied 6-bit binary value. 













This is the Reference Current Input. The current forced out of 
this pin to ground determines the current sourced by each of the 
63 current sources in each of the three 6-bit DACs. Each current 
source produces 1/30 of IREF when activated by the 6-bit digital 
input code. 








These are the Pixel Address lines. This byte-wide information is 
latched and masked by the Pixel Mask Register. The resulting 
value is used as an address of a location in the Color Palette RAM. 











The Pixel Clock signal is applied to this pin. The rising edge controls 
the latching of the Pixel Address and Blanking Inputs. it also соп- 
trols the progress of these values through the three stage pipeline 
of the Color Palette and through the DACs to the outputs. 


This is the power supply connection, and is connected to ground. 


This is the active Low READ bus control signal. When active, any 
information present on the internal data bus 18 available on the 
Data !/O lines (Dg -02). 




















This is an active Low signal that forces the DAC's outputs to zero. 
When BLANK is asserted, a video monitor's screen becomes black 
and the DACs ignore any output values from the Color Palette. 
However, the Color Palette can still be updated through Dg-D;. 















These are the bidirectional Data 1/0 lines used by the host micro- 
Processor to WRITE information (using the active Low WR) into 
and READ information (using the active Low RD) from the 
UM70C171 internal registers (Pixel Address register, Color Value 
register, and Pixel Mask register). During the WRITE cycle, the 
rising edge of WR latches the data into the selected register. The 
rising edge of RD determines the end of the READ cycle. With 
RD and WR equal to a logic HIGH, the Data 1/О lines will no longer 
contain information from the selected register and will go into 
a tristate mode. 













This is the active Low WRITE signal, and controls the timing of 
the WRITE operations on the microprocessor interface inputs 
0-05. 





, 











These are the Register Select lines which control! the selection 
of one of the three internal registers. These lines are sampled during 
the falling edges of the enable signals (RD or WR). (See Functional 
Description for more information regarding the internal registers.) 












This is the positive power supply pin. It is normally connected to 
+5V DC and bypassed with а ТОдЕ tantalum capacitor. 
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Functional Description 


The UM70C171 forms the output stage for high resolution 
raster scan RGB video systems. 1 contains a Color Palette 
with 256 memory locations that are 18 bits wide. The 
color palette's output is connected to three high speed 
current output 6-bit video DACs. The devices use on- 
board registers to easily interface with microprocessors. 


Microprocessor Interface 


The UM70C171 Microprocessor interface consists of 
three internal registers; Pixel Address Register, Color 
Value Register and Pixel Mask Register. These are  in- 
dividually accessed by register select signals, RSg and 
RS,. The following table defines which register is selected 
by the logic states of Н5о and RS,. 


Pixel Address (Write Mode) 


Pixel Address (Read Mode) 
Color Value 
Pixel Mask 





The contents of the color palette can be accessed through 
the Color Value and Pixel Address registers. 


АП of the operations on the microprocessor interface 
can take place asynchronously to the pixel information 
currently being processed by the Color Palette. 


The Pixel Address register is a byte-wide latch that receives 
and latches address information applied to pins Ро-Р;. 
№ can be used in both Read and Write mode depending 
on the logic state of RS; and RS,, With 85, = Н5і-0 
(register select - 0, 0), the Pixel Address register is in the 
write mode. Two events normally precede WRITING 
one or more new color definitions to the color palette. 
The first is the specification of a color palette address. 
Second, the Color Value register must be loaded with a 
color definition. The sequence of data transfer is (1) 
the desired color palette address - this address is stored 
in the Pixel Address register and (2) the color definitions: 
RED, GREEN and lastly, BLUE. Refer to Figures 10 
and 11. 


When RS, = RS, = 1 (register select = 1, 1), the Pixel 
Address register is in the Read mode. Once again, two 
events take place and normally precede READING one 
or more color definitions in the color palette. The first 
action is to specify an address within the color palette. 
The second is to load the Color Value register with the 
contents of the location addressed in the color palette. 
The color definition data transfer sequence is RED, 
GREEN and lastly, BLUE. Refer to Figures 9, 12, and 
13. 


The Color Value register is an internal 18-bit wide re- 
gister used as a buffer between the microprocessor inter- 
face and the color palette. It is accessed by setting RS» = 
1 and RS, - 0. A color definition can be read from or 
written to this register by a sequence of three byte-wide 
transfers to this register address. When a byte is written 
to this register, only the least significant six bits (Dg- 
Ds) contain color information. When a byte is read from 
this register address, only the six least significant bits 
contain information - the most significant two bits are 
set to zero. Refer to Figures 9-13. 


After the write sequence is completed, the Color Value 
register's contents are written to the specified color palette 
address stored in the Pixel Address register. Finally, the 
Pixel Address register is automatically incremented. 


The color definitions can be read from the UM70C171 
color palette. After setting RSg and RS, equal to 1, the 
desired color palette address is stored in the Pixel Address 
register. The color definition (18-bits) in the desired color 
palette location is then transferred to the Color Value 
register and the Pixel Address is auto-incremented, With 
successive read cycle, the color definitions pointed to 
by the incremented address is transferred to the Color . 
Value register. Refer to Figure 12. 


Attempting to update the color palette when BLANK 
is not asserted results in the data from the Color Value 
register taking precedence over the UM70C171 bit mapping 
operation. The output of the three 6-bit DACs will be 
based on the color definition from the memory location 
specified by the Pixel Address register and not the address 
found on Ро-Р;. This conflict results іп the DACs generat- 
ing unexpected output levels. This can last as long as two 
РСІК periods. 


The Pixel Mask register is a byte-wide latch. By setting 
Н5, = 0 and RS, = 1, the Pixel Mask register can be 
accessed by the microprocessor interface, Оо-Оу. This 
register is used to mask selected bits of the Pixel Address 
values applied to the Pixel Address inputs (Ро-Р;). А 
"1" in any location in the Pixel Mask register leaves the 
corresponding bit to zero. The operation of the Pixel 
Mask register does not affect the address of the color 
definition when the microprocessor accesses the color 
palette. The masking operation makes it possible to alter 
the displayed colors without altering the contents of 
external video memory or the UM70C171 color palette. 


Writing to the color palette 


A new color definition can be stored in the color palette 
by first specifying the initial address under write mode. 
This address is stored in the Pixel Address register (RSg = 
RS, = 0). The initial address is followed by RED, GREEN 
and BLUE color definition data (RSO = 1, RS1 = 0). 
These six-bit inputs are collected together in the Color 
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Value register for а total of 18 bits. This new color де- 
finition is then transferred to the location pointed to 
by the information stored in the Pixel Address register. 
As soon as this transfer is completed, the Pixel Address 
register 15 auto-incremented. This allows consecutive 
color palette locations to be updated without the micro- 
processor specifying each address. АП that is necessary 
is to continue supplying the RED, GREEN and BLUE 
data for each consecutive address. Refer to Figures 10 
and 11. 


Reading from the color palette 


To read a location in the color palette, an address is sent 
on the Data /О lines (Dg-D4) under Read mode and 
stored in the Pixel Address register (RSg = RS, = 1). The 
color definition contained in the specified location is 
then transferred to the Color Value register. Once again, 
the Pixel Address register is auto-incremented. The color 
definition can now be retrieved with three sequential 
read operations (RSg = 1, RS, = 0). The first byte placed 
on the Data 1/О lines contains the RED value. The next 
Is GREEN and the final is BLUE. The two most significant 
bits are set to zero in each case. In a manner similar to 
the write mode, consecutive color palette locations can 
be ready by simply specifying the beginning address and 
reading color palette one or more times. Refer to Figures 
9, 12 and 13. 


If the Pixel address register is ever updated during a read 
or write operation, the current data sequence is terminated 
and a new read or write operation is initialized. 


Real-Time Transfer 


іп typical applications, the microprocessor should access 
the color palette only during the retrace intervals to avoid 
"sparkle" on the screen. The UM70C171, while accessing 
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teyw | Register Select Setup Time (Write Cycle) 
Register Select Setup (Read Cycle) 
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the color palette during active display time, lets any dis- 
turbed pixels same as previous pixels. This greatly reduced 
viewer distress which sparkle otherwise creates. Because 
of this, the limitation of 256 colors out of 256K on the 
same screen can be removed. This effectively provides 
all 256K colors for users. 


Video path 


The Video path consists of the Pixel Latch and Mask 
(inputs Ро-Рҙ), color palette (256 18-bit wide RAM), 
18-bit wide bus, and an‘ 18-bit wide latch on the inputs 
of the three 6-bit high-speed video DACs. The video path 
uses a three clock cycle (PCLK) pipeline for the Pixel 
Address and BLANK inputs. These signals are latched 
on the rising edge of PCLK. 





Analog outputs 


The analog outputs are designed to drive single-terminated 
75Q loads to a peak-white amplitude of 0.7V. 


The reference current (IREF) for this output is set to 
4.44 mA. The analog outputs can also drive double-ter- 
minated 750 loads with IREF set to 8.88 mA. 


The analog outputs can be set to zero by using BLANK 
input. This is an active Low signal that forces the analog 
outputs to ground by placing all zeros оп the DACs’ inputs. 
The color definition selected by the Pixel Address is ig- 
nored. Each of the 63 current sources used in each of 
the 6-bit DACs produces 1/30 IREF. Therefore, the mag- 
nitude of peak white voltage is a function of the output 
loading and is determined by: 


V = 2.1 (1 


РЕАК WHITE ҮН 
V - OV. 


REF L 


BLACK LEVEL 


(Ta = ОС їо +70°С, Vec = БУ + 10%, GND = OV) 
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AC Characteristics (Continued) | 
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Note 1: This parameter is the allowed мапа оп in the pixel clock frequency. It does not permit the pixel clock period 
to vary below the minimum value for pixel clock (tCHCH) period specified. 

Note 2: It is necessary that the color palette's pixe! address be a valid logic level with the appropriate setup and hold times 
at each rising edge of PCLK (this requirement includes blanking period). 

Note 3: A valid analog output is defined as the 5096 point between successive values. This parameter is stable with time 
but can vary between different devices and may vary with different DC operating conditions. 

Note 4: This applies to different analog outputs on the same device. This is a design parameter, not 10096 tested. 

Note 5: Measured at +200 mV from initial steady state output voltage. 

Note 6: This parameter allows synchronization between operations on the microprocessor interface and the pixel stream 
being processed by the color palette. 
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АС Test Conditions 










Input Pulse | вувї8,.................. ОМО to ЗМ 
Input Rise and Fall Times (10% to 90%) ........ 2.5 ns 
Digital Input Timing Reference Level ........... 1.5V 
Digital Output Timing Reference Level... 0.8V and 2.4V 


1.4V 






20022 






ОМ70С171.-«. 
Pins 17 - 24 
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Timing Waveforms 
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Figure 1. System Timing Diagram. 
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Figure 2. Detailing Timing Specifications. 














Figure 3. Basic Write Cycle Timing Diagram. 
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RD 


RSo - RS, 


Dg - D4 





Figure 4. Basic Read Cycle Timing Diagram. 
== WHWL1 - 'wHRL1 
WR 
RD / 
—amm 


Figure 5. Write to Pixel Mask Register Followed by (a) Write and (b) Read. 


WR : 
—iÓ' | 
tRHRL1 tRHWL1 
RD 


Figure ба. Read from Pixel Mask or Pixel Address 











Figure 6b. Read from Pixel Mask or Pixel Address 
Register (Read or Write Mode) Follow- Register (Read or Write Mode) Follow- 
ed by Read. | ed Бу Write. 





Do - D7 ADDRESS ADDRESS+1 


Figure 7. Write and Read Back Pixel Address Register (Read Mode). 
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Timing Waveforms (Continued) 








— t 
WR WHRL3 


RD 





Do - D7 ADDRESS ADDRESS 


Figure 8. Write and Read Back Рїхе! Address Register (Write Mode). 


PER tWHRL3 


tRHRL1 tRHRLI ÍRHRL2 





RD 





Do - D7 ADDRESS ( RED) Green (BLUE) ADDRESS+2 


Figure 9. Read Color Value then Read Pixel Address Register (Read Mode). 





ADDRESS 


Figure 10. Color Value Write Followed by any Read. 
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Timing Waveforms (Continued) 








Do - 07 ADDRESS 


Figure 11. Color Value Write Followed by any Write. 









Do - D> ADDRESS 
Figure 12. Color Value Read Followed by any Read. 
WR 
tWHRL3 tRHRL1 * 'RHRL1 tRHWL2 
RD 









Do - 07 ADDRESS 


Figure 13. Color Value Read Followed by any Write. 
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Absolute Maximum Ratings * *Comments 

Ambient Operating Temperature ........ 0°C to +70°С ‘Stresses above those listed under "Absolute Maximum 
Storage Temperature............. —65°C to +150°С Ratings” may cause permanent damage to the device. 
Supply Voltage to Ground Potential... . —0.5V to +7.0V These are stress ratings only. Functional operation of 
Applied Input Voltage —0.5V to +7 0V | this device at these or any other conditions above those 


indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
| . liability. 
DC Electrical Characteristics: Ту = 0°С to 70°C, Усс 5V # 10%, GND = ОУ 


Input Low Voltage -0.5 
Се | macem | 
со | таоми снаа | 





ІОН = 400uA 
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лш | Output Leakage Current 


ICC Operating Supply Current (UM70C171) 


F 
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РСІК - 35 МН? 
PCLK = 50 MHz 
IOUT-Max. Digital 
Outputs Unloaded 


150 
160 


m 
mA 


















A VOUT S 1V 
IREF < 10 ПА 


| 


- | | | 
сл = m 


VREF Reference Voltage at IREF Pin Vcc Усс = 4.5V, 
IREF = 10 mA 
VOUT Output Voltage Compliance (Pins 1-3) 15 VENE V IOUT € 10 mA 


IOUT Output Current Compliance (Pins 1-3) 21 


Full Scale Error 
Note 7 
DAC-to DAC Mismatch 
Note 8 
Internal Linearity 
Note 9 
tON Rise Time 
Note 10 
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ZL = 750 + 30 pF 
IREF = 4.44 mA 
ZL = 37.50+30 pF 
ІВЕҒ < 8.88 тА 


ZL = 752 + 30 pF 
IREF = 4.44 mA 
ZL = 750 + 30 pF 
IREF = 4,44 mA 
ZL = 750 + 30 pF 
IREF = 4.44 mA 
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DC Electrical Characteristics (Continued) 


Symbol 


Full-Scale Setting Time (UM70C171) 
Note 11 

Glitch Energy 

Note 12 


COUTA Analog Capacitance (Pins 1-3) 


Blanking Output Voltage 


Clock Feedthrough (UM70C171) 
Note 13 


OV. 
Note 8: 
Note 9: 
—NVOFFSET)/63]. 





ns ZL = 759 + 30 pF 
(ВЕР = 4.44 mA 


%200 рУ-вес 24-750 + 30 pF 
IREF = 4.44 mA 
BLANK=Logic Low 


BLANK=Logic Low 
ZL = 759 + 30 pF 
IREF = 4.44 mA 


BLANK=Logic High 
ZL = 7500 + 30 pF 
IREF - 4.44 mA 


PCLK «35 MHz 
PCLK = 50 MHz 
ZL = 75€) + 30 pF 
IREF - 4.44 mA 


Full-scale error is defined as ([F. S. IOUT) RL — 2.1 (ВЕР) RL] / [2.1 (ВЕР) RL])10096. VBLACK LEVEL = 


The listed value is relative to the midpoint of the full-scale distribution of the internal three DACs. 
Zero and full-scale adjusted linearity error = [VOUT—VOFFSET-—(D x VLSB)) / VLSB, VLSB = (VFULLSCALE 


Note 10: The rise time is measured for 10% to 90% of the full scale transition. 
Note 11: The output signal's setting time is measured from a 296 change at the transition's initial value until it has settled 


to within 296 of the final value. 


Note 12: This value is determined using triangle approximation: glitch energy - (area of positive transient) — (area of neg- 


ative transient). 
Note 13: These values are referenced to full-scale output. 
Application Hints 


Power Supply 


The UM70C171 may draw large transient currents from 
the power supply. To ensure proper operation, it is neces- 
sary to utilize standard high frequency board layout 
techniques and power supply distribution. 


The transient currents required by the UM70C171 dictate 
that the AC impedance of the ground path must be kept 
to a minimum. This is accomplished by using the recom- 
mended decoupling capacitors, C1 and C2, as shown in 
Figure 14. These capacitors must have leads that are as 
short as possible. High frequency decoupling is accomplish- 
ed with а ОЛИҒ chip capacitor, СТ. A bead tantalum, 
between 10uF to 47и Е, should be used for C2. 


Differential ground noise can be created when voltage 
difference appears between pin 14 and the ground of the 


digital devices driving the UM70C171. This difference 
is caused by series impedance in the ground path and the 
current transients drawn by the UM70C171. The differen- 
tia! ground noise can be minimized by using large, low 
inductance ground paths between the digital devices that 
drive the UM70C171 and pin 14. Therefore, a ground 
plane layout is recommended. 


Analog Output-Line Driving 


The connection between the UM70C171 outputs and 
the RGB inputs of the video monitor it is driving should 
be viewed as a transmission line. Impedance changes along 
this line will result in the reflection of part of the video 
signal back to the DACs' outputs. These reflections may 
result in a degradation in the picture quality displayed on 
the monitor. To ensure good signal fidelity RF techniques 
should be observed. Any traces connecting the UM70C171 
to an onboard connector should form a transmission 
line of 7582 impedance. However, the need to ensure 
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that the connecting traces form а transmission line сап 
be eliminated by placing the DACs' output termination 
resistor at the output connector instead of the DACs’ 
output pin. The coaxial cable that connects the UM70C171 
outputs to a video monitor should have a characteristic 
impedance of 759, Connectors on the coaxial line can 
cause impedance change. Any connectors used with the 
coaxial cable must match its characteristic impedance. 


The UM70C171 DACSs use switched current sources that 
are summed together, thus generating the output current. 
Each 6-bit DAC consists of 63 current sources, each of 
which has a magnitude of 1/30 (IREF). The digital input 
code determines the number of current sources that are 
active and contributing to the total output current. This 
output current, in conjunction with a termination re- 
sistance connected between each DAC output and ground, 
sets the full-scale magnitude of the output voltage. There 
are four different methods of terminating the UM70C171 
DAC outputs: 


(1) Single Termination at the DAC (750) 

(2) Single Termination at the Destination (759) 
(3) Double Termination (37.5€2) 

(4) Buffered Signal 


(1) Single termination at the source involves placing a 
single termination resistor at each DAC output of the 
UM70C171. No other terminating load is present. There- 
fore, a high-input impedance monitor should be used. 
The AC load driven by the DACs’ outputs is the trans- 
mission line impedance in parallel with the load resistor. 
The transmission line's impedance should match the im- 
pedance of the load resistor. Thus, the DACs' output 
has an initial signal amplitude that is half the DC value 
expected. This half-amplitude signal is 10096 reflected 
by the open circuit presented by the monitor input. This 
restores the signal amplitude to the expected value, The 
reflections from the monitor propagate back towards 
the DAC outputs. The load resistor at each DAC output 
presents a correctly terminated transmission line so no 
further reflections occur. This arrangement is relatively 
tolerant to mismatches in the transmission line between 
the DAC and the monitor because no reflections occur 
at the DAC end of the transmission line. However, multi- 
ple monitors should not be connected in parallel despite 
each monitor's high input impedance. 


(2) Single-termination at the destination has the termina- 
tion impedance at the input of the monitor acting as 
both the load resistor for the DAC and the termination 
impedance of the cable (transmission line). 14 the connec- 
tion between the UM70C171 is correctly terminated there 
will be no reflections. However, if there are any line im- 


pedance variations along the cable, reflections will occur ` 


and create "ghost images” on the display. This occurs 
.because there is a reflection from the point where the 


mismatch occurs back to the DACs' output. The signal 
then reflects off the DAC's output back toward the mon- 
itor. It arrives with a significant time delay following the 
original signal and “ghosting” results. 


(3) Double-termination of the DAC outputs allows each 
end of the transmission line to be correctly matched. 
This results in the least amount of reflection and the 
highest signa! and display fidelity. This termination me- 
thod also allows for the fastest rise time. The DAC ter- 
mination's RC time constant sets the outputs' rise time. 
The greater the time constant, the slower the rise time. 
Therefore, the rise time will be minimized since the im- 
pedance using this termination technique is less than 
that achieved with single termination. With double-ter- 
mination, it is necessary to increase {REF to 8.8 mA 
to ensure a full-scale output voltage of 700 mV. 


(4) By placing a buffer at the DAC's output the 0М70С171- 
will be able to drive large capacitance loads such as long 
lossy cables. The buffer requires a high input impedance, 
a condition that is satisfied by the LM1201 and LM1203. 
A 750 load is placed at the buffer's input. 


The buffer's low output impedance should be matched 
to the interconnecting cable with a series resistor. The 
cable should then be terminated with the same resistance 
at the monitor. 


Analog Output-Protection 


Each of the UM70C171 pins has on-chip electrostatic 
discharge damage (ESD) protection. However, proper 
precautions for handling these parts are recommended 
during manufacturing to reduce the possibility of ESD. 


Generating IREF 


An active current source for IREF is recommended to 
ensure that the UM70C171 has predictable and stable 
output currents. There are numerous methods available 
to generate the reference current. One of the simplest 
circuits is shown with the UM70C171 in Figure 14. As 
shown, this IREF generator will sink —4.44 mA (single 
termination) with R1 = 22.152 and R2 = 9319. 


For applications that use double termination, R1 = 110 
and R2 - 4640, The diode connected transistor, 01, 
across Q2's base-emitter junction performs a first-order 
compensation for thermal variations. 


Figure 15 shows an alternative method of generating 
IREF. The LM334 precision current source is used in 
a temperature compensated configuration, The reference 
current is set by a single resistor, R1, independent of 
Vec. Тһе current's value is: 


IREF = 33.85 mV/R1 


3—109 








(Доме 


Application Hints (Continued) 


UM70C171/-50/-65 








+5V 
ОЛИЕЦ 10uF R2 |ОЛЏЕ * ТОШЕ 
+ 
ест Lec 
Pixel Address Input ЕЕЕ = = ТОЦЕ For Iggg = 4.4mA 


GND [14 


UM70C171 
PCLK 


RE 
Data Input/Output 2 


Control Signals 


BLANK BLUE 





Pixel Signals ПІЛІПІГІГ 


NE3804 " МЕЗ804 
02 Q1 


о ~ = 
МЕН EN ЫН С 


81 = 22.10, 82 = 93142 
Рог |ВЕЕ = 8 8тА 


81 = 110, 82 = 4640 


R1 H1 


To Monitor's RED Input 


750 

To Monitor's GREEN Input 
759 

To Monitor's BLUE Input 
750 


= 1/4 Мат Carbon Film 


Моте: Bead-style tantalum capacitors should be used for the 10uF devices 
Thermally connect the NPN transistors together with а Wakefield 25V series Equalizing Link. 


Figure 14. Typical Connection Showing IREF Generator. 


Figure 16 shows an LM10 and a discrete transistor депегат- 
ing IREF. The LM's onboard 200 mV voltage reference 
is used along with the reference's amplifier to set the 
voltage оп R1 to 200 mV. Ignoring the small amount 
ОТ base current, the discrete transistor's collector current 
(and therefore, IREF) is found to be: 


IREF - 200 mV/R1 


For IREF = 4.44 mA, R1 is, to the nearest 196 value 44.29; 
IREF = 8.88 mA gives an R1 of 22.19. The circuit shown 
in Figure 17 operates in the same fashion as the LM10 
circuit in Figure 16. The LM611's on-board reference 
produces a nominal 1.24V. The voltage divider connected 
to the reference's output, pin 3, creates 200 mV that 
is applied to R1. The current (IREF) through the dis- 
crete transistor's collector is: 


IREF = 200 mV/R1 


For IREF = 4.4 mA, R1 is, to the nearest 1% маше 44,29; 
IREF = 8.88 mA gives an R1 of 22.182. 


Decoupling IREF 


The UM70C171 uses DACs composed of switched current 
sources. Each current source is based on a current mirror 
that produces (IREF)/30 when active, The total output 
current is determined by the number of active current 


sources switched to the output and the magnitude of 
ІҺЕЕ, 


The magnitude of the current flowing through the internal 
current sources depends not only on IREF, but also 
on the voltage at pin 4 relative to Усс. Therefore, voltage 


variations between Мос and the IREF input can result 


in variations in the DAC's output current. These variations 
can be greatly attenuated by using a high frequency cap- 
acitor in paralle! with a larger electrolytic capacitor to 
couple the IREF input to Усс. This allows the reference 
current input to track both high and low frequency varia- 
tions in Усс. 
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+ 
0.1 ТОНЕ 
Pixel Address Input ur E 
| М457 r^ Wa Дд 
75 
То Monitor's RED Input 
Data Input/Output 75Q 
2 То Моппог 5 GREEN Input 
759, 
Control Signals 
T To Monitor's BLUE Input 
750 


Pixel Clock ЛЛЛЛГ 
1/4 Watt Carbon F ilm 


| 
T 


Note: Bead-style tantalum capacitors should be used for the 10uF devices. 


Figure 15. Double Termination with LM334 Current Source IREF Generator. 





+5V 
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UM70C171 |... 


Figure 16. ІНЕҒ Generator using LM10. 





Figure 17. | ВЕЕ Generator using LM611. 
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Ordering Information 
















кинә | Frequency | Package | 
65 MH: 
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Storage 

Part No. Description Page 
UM8272A/A-4 Floppy Disk Controller ....... uu. u u 25 463 
UM83C001 Нага Disk Controller .................................................. НЕ 
UM83C002 КАМ Buffer Controller............................. но uu... u. 4-44 
UM83C003 Hard Disk Controller Interface .............................. ess 4-53 
UM83C004 Hard Disk Controller Interface ................................... 4-57 
UMB83CO021 Hard Disk Controller.......................... „уну ДА и 4 4-61 
имвзсо22 АТ НОС Interface....................... ———— тен зе ада у МӨРӨӨ 
UM8326/B Floppy Disk Data Separator |(ЕО05)........................... 4-96 
UM8388 Single-Chip Floppy Disk Controller ............................ 4-101 
UM8397 Single-Chip Floppy Disk Controller .......................... 4-113 
UM8398 Single-Chip Floppy Disk Controller .............. "a co 4-130 











= == 
Floppy Disk Controller 

Features 
Ш ІВМ compatible in both single and double density = Data transfers in ОМА ог Non-DMA mode 

recording formats = Parallel seek operations on up to four drives 
Ш Programmable data record lengths: 128, 256, 512, = Compatible with all INTEL and most other micropro- 

or 1024 bytes/sector cessors 
m Multi-sector and multi-track transfer capability в Single-phase 8MHz/4MHz clock for UM8272A/ 
а Drives up to 4 floppy or mini-floppy disks UM8272A.4 respectively 

| m Single + Буой power supply (+ 10%) 

General Description 
The UM8272A/A-4 is a LSI Floppy Disk Controller (FDC) capable of supporting either IBM 3740 single density for- 
Chip, which contains the circuitry and contro! functions mat (FM), or IBM System 34 double density format (MFM) 
for interfacing a processor to 4 floppy disk drives. It is including double sided recording. 
Pin Configuration Block Diagram 






ВЕЗЕТ | 11 40| | Усс 
RD Г 2 39 | ] RW/SEEK ово (Уолта sus СЭ) (СМ recisrens 
WR | [3 38 [ ]LCT/DIR 
С5 fa 37 | ]FR/STP 





АО (15 36 | | HDL 
ОВо | 16 35 [ ]RDY | 
TERMINAL 
ов; 7 É 34[ ]wP/TS COUNT Se 
DB2[ ја = 33] ІҒІТ/ТЕКО INTERFACE 
eo DRO CONTROLLER 
083149 MN 219% ЗАСК 
рва (110 E 31 ГІР5І (Бе 
DBs[ ]11 > 3 Г JjWDA = 
086112 BR 29 ] 050 å 
ова | 413 281 105, Ар a7] INPUT 
PORT 
ово 414 271 | SEL ЕРЕЕН 
ОАСК | 115 26| | МЕМ 
ТС 116 25| ҸЕ © 
Ох! 117 241 | УСО CONTROLLER 
INT [ 1 18 23[ ] RD DATE T" DUM 
CLK[ 119 221 | RDW PORT 


GND| [20 211 ]wn CLK Мусс» 


GND ———и 





UM8272A/A-4 


WR CLOCK 
WR DATA 
WR ENABLE 
PRE-SHIFT 0 
PRE-SHIFT 1 


RO DATA 
READ DATA WIWOOM 
Усо SYMC 


READY 

WRITE PROTECT/TWO SIDE 
INDEX 

FAULT/TRACK 0 


UNIT SELECT O 
UNIT SELECT 1 
MFM MODE 


RW/SEEK 

HEAD LOAD 

HEAD SELECT 

LOW CURRENT/DIRECTION 
FAULT RESET/STEP 
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The UM8272A/A-4 provides control signals which simplify 
the design of an external phase locked loop and write 
precompensation circuitry. The FDC simplifies and handles 
most of the burdens associated with implementing a floppy 
disk drive interface. The UM8272A/A-4 is a pin-compatible 
upgrade of the 8272. 


 Hand-shaking signals are provided in the UM8272A/A-4 
‘which make DMA operation easy to incorporate with the 
aid of an external DMA controller chip. The FDC will 
‘operate in either DMA or Non-DMA mode. In the Non- 
DMA mode, the FDC generates interrupts to the processor 
every time а data byte is available. іп the DMA mode, the 
processor need only load the command into the FDC and 
all data transfers occur under control of the UM8272A/A-4 
and DMA controller. 


There are 15 separate commands which the UM8272A/A-4 
will execute. Each of these commands requires multiple 


8-bit bytes to fully specify the operation which the 





processor wishes the FDC to perform. The following com- 


mands are available: 


Read Data Write Data 

Read 10 Format a Track 

Read Deleted Data Write Deleted Data 

Read a Track ` Seek 

Scan Equal Recalibrate (Restore to Track 0) 


Scan High or Equal Sense interrupt Status 


Scan Low or Equal Sense Drive Status 


Specify 


Address mark detection circuitry is interna! to the FDC, 
which simplifies the phase iocked loop and read electronics. 
The track stepping rate, head load time, and head unload 
time may be programmed by the user. The (/М8272А/А-4 
offers many additional features such as multiple sector 
transfers in both read and write with a single command, 
and full IBM compatibility in both single and double 
density models. 


MEMORIES 


8080 SYSTEM BUS 


DMA 
CONTROLLER | BACK _ 


| “|0М8272А/А- 4 


TERMINAL 
COUNT 


READ 
DATA 
WINDOW 


RD DATA 


WR DATA 
DRIVE 


INPUT CONTROL NUES 


OUTPUT CONTROL 





Figure 1. System Configuration 
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Absolute Maximum Ratings* ‘*Comments 
Operating Temperature .............. O°Cto+70°C . Stresses above those listed under "Absolute Maximum 
Storage Temperature ............. —55 C to + 150?C Ratings" may cause permanent damage to the device. 
All Output Voltages ............. —Q.5 to + 7 Volts These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
Vol Н -0.5 to + 7 Volts . ; . PET 
All Input e 5 indicated in the operational sections of this specification 
Supply Voltage Усс.-........... залата Volts is not implied and exposure to absolute maximum rating 
Power біззірацоп....................... 1 Watt conditions for extended periods may affect device re- 


liability. 
DC Electrical Characteristics 
(TA = 0°С to + 70°С, Vec = + БМ + 10%) 


l m 


Input Low Voltage 








Output High Voltage 


Vcc Supply Current НЕН 
Input Load Current 
(All Input Pins) 

| High Level Output 

LOH Leakage Current 

| Output Float 10 

OFL Leakage Current = 


Capacitance 
(TA = 25°C, fe = 1 MHz, Vee = OV) 













All Pins Except 
Pin Under Test 
Tied to AC 

Ground 






Input Capacitance 


AC Characteristics 
(TA = 0 °C to + 70°С, Усс = +5.0V + 1090) 
CLOCK TIMING 








Input/Output Capacitance 












БЕЛГЕ | — Pam _ 


READ CYCLE 


ШИШ Б-г 711: хииж БЕН шинжин 

Сл | Sees Hold fom [о | [= 
[me | Абе ИО | — — | 

Rm 





Data Delay from АБ] MEN 
Output Float Delay 
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AC Characteristics (Continued) (TA = 0°C to + 70°С, Усс = *5.0V + 1096) 
WRITE CYCLE 


Symbol 
Select Setup to МАУ 
| wA | Select Hold from WR 1 


| том | Data Setup to WR 1 : 
| мо | Оага Ной кот МАТ — * 


INTERRUPTS 


taw 
twa 
tow 
twD 








СЕ 
UE 
но | бАСК сонор o — | — — 
[mom НО об ИА O — O 


FDD INTERFACE 


WCK Cycle Time 


WCK High Time 

Pre-Shift Delay from WCKT 

WDA Delay from WCK 1 
WE 







Write Data Width 
| ме | WE f toWCK for WE | to WCK 1 Delay 


| мис | Window Cycle Time 
Window Setup to RDD f 





















| Е Е 
[== 
Pos АЕ 
FDD SEEK/DIRECTION/STEP 
р [и № | 
зы [Us Е ООО | w OOO О | | Мое — 
"о | ЕЕ [7 ОО [у ООС 
"о: | ЕЕ Но rom ся | №5 — 
ри | № — | 
LCTIDIR Hold from FASTER 1 КРЕ 
Сто [S Holi от в | №5 — 
| сте ГОИ — | — | 5 | | # | Nos — 
“е от е [| №836 
FAULT RESET Active Time (High) Dg o: 302 
INDEX Pulse Width БЕГИ 
Terminal Count Width 
Notes: 


1. Typical values for Тд аге 25°С апа nominal supply voltage. 

2. The former values are used for standard floppy and the latter values for mini-floppies. 

3. tec = 33 Hs: тт for different drive units. In the case of same unit, t с сап range from 1 ms to 16 ms with 8 MHz clock 
period, and 2 ms to 32 ms with 4 MHz clock, under software controP 

4. At 4 MHz, the clock duty cycle may range from 1696 to 7696. Using an 8 MHz clock the duty cycle can range from 3296 to 5296. 
Duty cycle is defined as: D.C. = 100 сн tc y) with typical rise and fall times of 5 ns. 

5, The specified values listed are for an 8 MHz clock period. Multiply timings by 2 when using a 4 MHz clock period. 
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2 
е 
б 
Š 
= 
Е 
о 
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‘Connection ee: 
to Description 
1 ВЕБЕТ Reset Processor Places FDC in idle state. Resets 


output lines to FDD to 0” (low). 
Does not affect SRT, HUT or HLT 
in Specify command. 1f RDY pin is 
held high during Reset, FDC will 
generate interrupt 1.024 ms later. 
To clear this interrupt use Sense 
Interrupt Status command. 


7 


WR Write Processor 













Contro! signal for transfer of data 
from FDC to Data Bus, when “0” 
(low). 


E 






Control signal for transfer of data 
то РОС via Data Bus, when “0” 
(low). 


IC selected when “0” (low), allow- 
ing RD and WR to be enabled. | 


Selects Data Reg (Ag = 1) or Status 
Reg (Ag = 0) contents of the FDC 
to be sent to Data Bus. 






O 


С5 Chip Select Processor 


Data/Status Reg Processor 


Select 


6-13 DBo-DB; Processor 
Data DMA DMA 
Request 
DMA DMA 
Acknowledge 






© 


Bi-Directional 8-Bit Data Bus. | 


Е 


ОМА Request is being made Бу 
FDC when DRW = "1", 












DACK 






DMA cycle -is active when "0" 
(low) and Controller is performing 
DMA transfer. 











- -— 
c + 











TC Terminal Count DMA indicates the termination of a DMA 
transfer when “1” (high). It ter- 
minates data transfer during Read / 
Write/Scan command in DMA or 
interrupt mode. 

1 


IDX Index FDD 


Indicates the beginning of a disk 
track. 


INT Interrupt Processor Interrupt Request generated by 
FDC. 


Single phase 8-MHz square wave 
Clock. 


DC power return. 


CLK Clock 


GND Ground 
WRCLK Write Clock 


RDW Read Data Phase Lock Loop 
Window 


N 
B 


№ 


NO 
Ё 





Write Data rate to FDD. ЕМ = 500 
kHz; МЕМ - 1 MHz, with a pulse 
width of 250 ns for both FM and 
MFM. 









Generated by PLL, and used to 
sample data from FDD. 
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Pin Description (Continued) 


Connection 


5 


Description 


o 


Reads data from FDD, containing 

clock and data bits. s 
Inhibits VCO іп PLL when “0” 
(low), enables VCO when “1”. 





VCO Sync Phase Lock Loop 


FD 
Write Enable FD 


D 

| Write Enable D 
MFM Mode Phase Lock Loop 
L Head Select DD 
DD 
DD 


23 


N 
сл 


N N 


Enables write data into FDD. 

MFM mode when “1”, FM mode 
when “0”. 

Head 1 selected when 717 (high) 
Head 2 selected when “0” (low) 


NO 


VCO 
WE 
MFM 

SE 


28, 29 " FDD Unit Selected. 


Serial clock and data bits to FDD 


Writes Precompensation status dur- 
ing MFM mode. Determines early, 
late, and normal times. 


F 


Precompensation FDD 
(pre-shift) 


31, 32 PS4, Р5, 





33 Senses FDD fault condition in 
Read/Write mode, and Track O con- 


dition in Seek mode. 


FLT/TRK 9 Fault/Track 0 FDD 


34 WP/TS 


Write Protect/ FDD 
Two-Side 


Senses Write Protect Status in Read/ 
Write mode; and Two Side Media 
in Seek mode. 


Indicates FDD is ready to send or 
receive data. 

Causes read/write head in FDD to 
contact diskette. · 


Resets fault F.F. in FDD in Read/ 
Write mode, contains stop pulses 
to move head to another cylinder in 
Seek mode. 





w 
сл 
2 
О 
< 


FDD 


Q 
о 


Head Load FDD 


37 ЕВ/5ТР Ей Reset/Stop FDD 


38 LCT/DIR Low Current/ FDD 


Direction 


Lowers Write current on inner 
tracks in Read/Write mode, deter- 
mines direction head will stop in 
Seek mode. A fault reset pulse is 
issued at the beginning of each 
Read or Write command prior to 
the occurrence of the Head Load 
signal. 


x 
о 
[= 


39 RW/SEEK Read Write/SEEK ҒО 


When “1” (high) Seek mode select- 
ed, when "0" (low) Read/Write 
mode selected. 





| 





| 
© 


Усс 


Note: (1)Disabled when CS = 1. 
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UM8272A/A-4 Enhancements . UM8272A/A-4 Registers — CPU Interface 

. On the ОМ8272А/А-4, after detecting the Index Pulse, the The UM8272A/A-4 contains two registers which may be ac- 
VCO Sync output stays low for a shorter period of time. сеззед by the main system processor, a Status Register 
See Figure 2-A. and a Data Register. The 8-bit Main Status Register con- 


tains the status information of the FDC, and may be 
| accessed at any time. Тһе 8-bit Data Register (several 
registers in a stack with only one register presented to 
' the data bus at a time) stores data, commands, parameters, 
and ГОО status information. Data bytes are read out of or 
written into the Data Register in order to program or ob- 
tain the results after execution of a command. The Status 
Register may only be read and is used to facilitate the 
Pes Margen on Os ы mulas transfer of data between the processor and UM8272A/A-4. 


Track Сар 4А |там| — Ga: [б] 6252 | os . The relationship between the Status/Data registers and the 
Index Pulse — signals RD, WR, and Ag is shown in Table 1. 
UMB272A.4 VCO Sync — 


UM8272A VOC уст Table 1. А0, RD, WR decoding for the selection of Status/ 
"560 Из in FM mode; 527 из in МЕМ mode Data register functions. 


L1 | Read Main Status Register| 
Г 0 | Меда! (зее поќе) — ^ | 
O | Mlegal(seenote) || 
ЖЕЛЕК 
ЭШЕН 
ЖОЕ 


On the 8272 there can be а problem reading data when 
Gap 4А 15 ОО and there is по ТАМ. This occurs on some 
older floppy formats. Тһе UM8272A/A-4 solves this pro- 
blem by adjusting the VCO Sync timing so that it is not low 
during the data field. See Figure 2. 








B. Ability to Head Data When Gap 4A Contains 00 


Index Pulse | пр БЕНИН l —— 


UM8272A.4 МОС Sync | ———À—J 
9М8272А VCO Sync тър 








Illegal (see note) 
1 Read from Data Register 


. + 


Write into Data Register 


- Note: Design must guarantee that the UM8272A/A-4 is not 
Figure 2. UM8272A/A-4 Enhancements over the 8272 subjected to illega! inputs. 


әм | — әмме 0 
ОоВ .FDD number 0 is іп the Seek mode. If any of the bits are set 
FDC will not accept read or write command. 









Table 2. Main Status Register Bit Description. | 


K 
FDD 2 Busy ОВ FDD number 2 is in the Seek mode. If any of the bits are set 
FDC will not accept read or write command. 
FDD 3 Busy D3B РОО number 3 is in the Seek mode. If any of the bits are set 
FDC will not accept read or write command. 
FDC Busy CB A read or write command is in process. FDC will not accept 
any other command. 


ЊЕ Execution Mode EXM This bit is set only during execution phase in non-DMA 









FDD number 1is in the Seek mode. If any of the bits are set 
FDC will not accept read or write command. 
























modes of operation. 






Indicates direction of data transfer between FDC and Data 
Register. If DIO = "1" then transfer is from Data Register 
to the Processor. If DIO = "0", then transfer is from the 
Processor to Data Register. 








mode. When ОВ; goes low, execution phase has ended, апа 
Data Input/Output ы 


result phase has started. It operates only during NON-DMA 
ROM 










Request for Master Indicates Data Register is ready to send or receive data to 
or from the Processor. Both bits DIO and ROM should be 
used to perform the hand-shaking functions of “ready” and 


"direction" to the processor. 








The DIO and ROM bits in the Status Register indicate when Data is ready and in which direction data will be transferred on 
the Data Bus. The max time between the last RD or WR during command or result phase and DIO and ROM getting set or 
reset is 12 us. For this reason every time Main Status Register is read the CPU should wait 12 us. The max time from the 
trailing edge of the last RD in the result phase to when ОВ, (FDC Busy) goes low is 12 us. 


Note: There isa 128 ог 24465 ROM flag delay when using an 8 or 4 MHz clock respectively. 
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Out FOC and Into Processor 
Data In/Out 
(DIO! Out Processor and Into FDC 


| | 
Ready | | 
Request for Master i | 
(вом! | 


t ! 
I I 
1 1 
| | 
t ! 


t 1 | 1 | | | 
| | | | 
Alel ^ Fl [с [о | с pols} ^ 


Notes: [А] — Date register ready to be written into Бу processor 


I 
Џ 
| 
i 
| 
I 
| 
! 
1 
! 
| 


1 

| 
[ I ! 
1 | | | | 
| 1 i I | 
! | 1 1 i 
| t | 1 | 
| І ! | | 
1 | І | | 


[в ]- Data register not ready to be written into Dy processor 
[c ]- Data register ready for next data byte to be read by the processor 
fo ]- Data register not ready for next data byte to be read by processor 





Figure 3. Status Register Timing 


The UM8272A/A-4 is capable of executing 15 different 
commands, Each command is initiated by a multi-byte 
transfer from the processor, and the result after execution 
of the command may also be a multi-byte transfer back to 
the processor. Because of ‘this multi-byte interchange of 
information between the UM8272A/A-4 and the processor, 
it is convenient to consider each command as consisting of 
three phases: 


Command Phase: The FDC receives all information 
required to perform a particular 
operation from the processor. 

Execution Phase: The FDC performs the operation it 

was instructed to do. 

After completion of the operation, 

status and other housekeeping in- 

formation is made available to the 
processor. 


Result Phase: 


During Command or Result Phases the Main Status Register 
(described in Table 2) must be read by the processor before 
each byte of information is written into or read from the 
Data Register. Виз 06 and 07 in the Main Status Register 
must be in a O and 1 state, respectively, before each byte 
о? the command word may be written into the UM8272A/ 
A-4. Many of the commands require multiple bytes, and as 
.aresult, the Main Status Register must be read prior to each 
byte transfer to the UM8272A/A-4. On the other hand, 
During the Result Phase, D6 and D7 in the Main Status Re- 
gister must both be 1s (D6 = 1 and 07 = 1) before reading 
each byte from the Data Register. Note: this reading of the 
Main Status Register before each byte transfer to the 
UM8272A/A-4 is required in only the Command and 
Result Phases, and NOT during the Execution Phase, 


During the Execution Phase, the Main Status Register need 
not be read, If the UM8272A/A-4 is in the non-DMA Mode, 
then the receipt of each data byte (if UM8272A/A-4 is 
reading data from FDD) is indicated by an interrupt signal 
on pin 18 (INT - 1), The generation of a Read signal 
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(ВО = 0) will reset the interrupt as well as output the Data 


onto the Data Bus. For example, if the processor cannot 
handle Interrupts fast enough (every 13 us for MFM mode) 


.it may poll the Main Status Registers and bit D7 (ROM) 
will function just like the Interrupt signal. 
Command is in process, the WR signal performs the reset 


If a Write 
to the Interrupt signal. 


The UM8272A/A-4 always operates in a multi-sector 
transfer mode. 11 continues to transfer data until the TC 
input is active. In Non-DMA Mode, the system must supply 
the TC input. 


If the UM8272A/A-4 is inthe ОМА Mode, по Interrupts аге 
generated during the Execution Phase, The UM8272A/A-4 


generates DROs (ОМА Requests) when each byte of 


data is available. The DMA Controller responds to this 
request with both a DACK - 0 (DMA Acknowledge) and 
a RD = 0 (Read signal). When the ОМА Acknowledge 
signal goes low (DACK ғ 0) then the DMA Request is reset 
(DRQ = 0). На Write Command has been programmed 
then a WR signal will appear instead of RD. After the 
Execution Phase has been completed (Terminal Count has 
occurred) then an Interrupt wil! occur (INT = 1). This 
signifies the beginning of the Result Phase. When the first 
byte of data is read during the Result Phase, the Interrupt is 
automaticaily reset (INT = 0). 








It is important to note that during the Result Phase all 
bytes shown in the Command Table must be read. The 
Read Data Command, for example, has seven bytes of data 
in the Result Phase. All seven bytes must be read in order to 
successfully complete the Read Data Command. The 
0М8272А/А-4 will not accept a new command until all 
seven bytes have been read, Other commands may require 
fewer bytes to be read during the Result Phase. 


Тһе UM8272A/A-4 contains five Status Registers. The Main 


Status Register mentioned above may be read: by the 
processor at any time. Тһе other four Status Registers 
(STO, ST1, ST2, and ST3) are only available during the 
Result Phase, and may be read only after successfully com- 
pleting a command. The particular command which has 
been executed determines how many of the Status Registers 
will be read. 


The bytes of data which are sent ot the UM8272A/A-4 
to form the Command Phase, and are read out of the 
UM8272A/A-4 in the Result Phase, must occur in the 
order shown in Table 3. The Command Code must be sent 


‘first and the other bytes sent in the prescribed sequence. 


No foreshortening of the Command or Result Phases are 
allowed. After the last byte of data in the Command Phase 
is sent to the UM8272A/A-4, the Execution Phase autom- 
atically starts. In a similar fashion, when the last byte of 
data is read out in the Result Phase, the command is 
automatically ended and the UM8272A/A-4 is ready for а 
new command. A command may be aborted by simply 


sending a Terminal Count signal to pin 16 (ТС=1). This ва 


convenient means of ensuring that the processor can 
always get the UM8272A/A-4's attention even if the disk 
system hangs up in an abnormal manner. 
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Name 


0 Address Line 0 ‘AO controls selection of Main Status Register ( АО = 0) or Data Register 
(АО= 1). | 
Cylinder Number C stands for the current selected Cylinder (track) number 0 through 76 


of the medium. 


Data D stands for the data pattern which is going to be written into a sector. 


Data Bus 8-bit Data Bus, where 05 stands for the most significant bit, and Do 
Stands for the least significant bit. 





07-00 







I 
г 
— 


e» 
= 
-4 









ОТЕ : Data Length When М is defined as 00, DTL stands for the data length which users are 
going to read out or write into the Sector. 

EOT End of Track EOT stands for the final sector number on a Cylinder. During Read or 
Write operation F DC will stop data transfer after a sector number equal 
to EOT. 

GPL Gap Length GPL stands for the length of Gap 3. During Read/Write commands this 


value determines the number of bytes that VCOs will stay low after two 
CRC bytes. During Format command it determines the size of Gap 3. 


Head Address H stands for head number O or 1, as specified in ID field. 


Head HD stands for a selected head number 0 or 1 and controls the polarity of | 
pin 27. (H = HD in all command words.) | 





I 
a 


Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms 
increments). 
HUT Head Unload Time HUT stands for the head unload time after a read or write operation has 
occurred (16 to 240 ms in 16 ms increments). 
FM or MFM Mode If MF is low, FM mode is selected, and if it is high, MFM mode is 
| selected. 


< 


sz 





5тогаде 






Ми -Тгаск If MT is high, а multi-track operation is to be performed. If MT = 1 after 


.finishing Read/Write operation on side 0, FDC will automatically start . 
searching for sector 1 on side 1. 


Number N stands for the number of data bytes written in Sector 
NCN ` New Cylinder Number МСМ stands for a new Cylinder number which is going to be reached as a 
result of the Seek operation. Desired position of Head 
Non-DMA Mode ND stands for operation in the Non-DMA Mode 


PCN Present Cylinder PCN stands for the Cylinder number at the completion of SENSE IN- |. 
Number TERRUPT STATUS Command. Position of Head at present time. 






Z 
О 


Record R stands for the Sector number which will be read or written 
Read/Write R/W stands for either Read (R) or Write (W) signal 
Sector SC indicates the number of Sectors per Cylinder 


Skip SK stands for Skip Deleted Data address mark. 


Step Rate Time SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms in- 
crements.) Stepping Rate applies to all drives, (Е = 1 ms, E = 2.ms, etc.) 


o 
С) 


о 
A 




















STO Status O ST 0-3 stands for one of four registers which store the status information 

ST1 Status 1 after a command has been executed. This information is available during 

ST2 Status 2 the result phase after command execution. These registers should not be 

513 Status 3 confused with the main status register (selected by Ag = 0); ST 0-3 тау 
be read only after a command has been executed and contain informa- 
tion relevant to that particular command. 

STP During a Scan operation, if STP - 1, the data in contiguous sectors is 


compared byte by byte with data sent from the processor (or ОМА); апа 
if STP - 2, then alternate sectors are read and compared. 


Unit Select US stands Тог a selected drive number 0 or 1. 
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. Table 3. UM8272A/A-4 Command Set 


pum 


Command 


Execution 


Result 


Command 


Execution 


Result 


Command 


Execution 


Result 


2) 2) 2) 2) 1 2) 1 22222222 


555555552 


А 
А 
В 
R 
R 
R 
R 


222222222 


2222222 


X 


X 


DATABUS 


D; D; Ds D4 Оз D2 D, бо 


READ A TRACK 
MT MF SK 0 


X 


X 


MT MF SK 0 


X 


X 


X 


MT MF 0 


X 


X 


X 


X 


0 
X 


0 1 1 0 
X но US! US0 


1 1 0 0 
X · HD US1 USO 


0 1 0 1 
X но 051 USO 


Command Codes Command 


Sector ID information 
prior to Command 
execution. The 4 bytes 
are commanded 

against header on 
Floppy Disk. 


Data-transfer between 
the FDD and main 
system 

Status information 
after Command 
execution 

Sector ID information 
after Command 
execution 


Execution 


Result 


Command Codes 


Sector ID information 
Prior to Command 
execution. The 4 bytes 
are commanded 

against header on 
Floppy Disk, 


Execution 


Result 
Data-transfer between 
the FDD and main 
system 
Status information 
after Command 
execution 
Sector ІП information 
after Command 
execution 


Command Codes 


Sector ID information 
Prior to Command 
execution. The 4 bytes 
are commanded 

against header on 
Floppy Disk. 


Execution 


Result 


Data transfer between 
the main system and 
РОО. 


Status information 
after Command 
execution. 

Sector ID information 
after Command 
execution. 


Command 


WRITE DELETED DATA | 


МТ МЕ 0 


Соттапа 


Execution 


Result 


555552525252 


2220222 


X 


X 


X 


о 
X 


1 о 0 1 
X но 051 USO 


Note: 1 AO should equal binary 1 for all operations. 
2 X = Immaterial; usually made to equal binary 0. 


Command Codes 


Sector 10 information Execution 


Prior to Command 
execution, The 4 bytes 
are commanded 
against header on 
Floppy Disk. 


Result 


Data transfer between 
the FDD and main 
system. 


Status information 
after Command 
execution. 

Sector ID information 
after Command 
execution. 
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555555555 


2032223223 


555555 


555555555 2222222 


222220202 


D7 Dg Ds 


X 


X 


DATABUS. 
D4 Ds 9,5 D, Do 


READ А TRACK 
0 MF SK 0 


X 


X 


MT MF SK 0 


X 


X 


X 


X 


0 0 1 0 
х HD US1 USO 


оо 0 1 
х HD 051 USO 





REMARKS 


Command Codes 


Sector ID information 
prior to Command 
execution. 


Data transfer between 
the FDD and main 
system. ҒОС reads all 
data fields from index 
hole to EOT. 


Status information 
after Command 
execution. 

Sector ID information 
after Command 
execution. 


Commands 


The first correct ID 
informaticn on the 
Cylinder is stored in 
Data Register. 

Status information 
after Command 
execution. 

Sector 10 information 
read during Execution 
Phase from Floppy 
Disk. 


Command Codes 


Bytes/Sector 
Sectors/Track 

Gap 3 

Filler Byte 

FDC formats an 
entire track. 
Status information 
after Command 
execution. 

in this case, the 10 
information has no 
meaning. 


SCAN EQUAL 


Command Codes 


Sector ID information 
Prior to Command 
execution. 


Data compared be- 
tween the РОО | 
and main system. 
Status information 
after Command 
execution. 

Sector ID information 
after Command 
execution. 
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Table 3. UM8272A/A-4 Command Set (Continued) 


ЕМЕ LES 


D; Dg Ds ба D3 D» D, Do 
Command 





SCAN LOW OR EQUAL 


MT MF SK 1 1 о 0 1 
X X X X X но US USO 



















Command Codes 









prior Command 
execution. 


233222222535 


Data compared be- 
tween the FDD 
and main system 
Status information 
after Command 
execution. 







Execution 












Resuit 





after Command 
execution. 





222022502) 





Command Codes 










prior Command 
execution. 






22222222 







Data compared be- 
tween the FDO 
and main system. 
Status information 
after Command 
execution. 









Execution 















Resuit 


after Command 
exétution. 


22220022020 


Polling Feature of the UM8272A/A-4 


After power-up RESET, the Drive Select Lines DSO and 
DS1 will automatically go into a polling mode. In be- 
tween commands (and between step pulses in the SEEK 
command) the UM8272A/A-4 polls all four FDDs looking 
for a change in the Ready line from any of the drives. If the 
Ready line changes state (usually due to a door opening or 
Closing) then the UM8272A/A-4 will generate an interrupt. 
When Status Register O (STO) is read (after Sense Interrupt 
Status is issued), Not Ready (NR) will be indicated. The 
polling of the Ready line Бу the UM8272A/A-4 occurs con- 
tinuously between instructions, thus notifying the pro- 
cessor which drives are on or off line. Approximate scan 
timing is shown in Table 4. 


Table 4. Scan Timing 


oe Т aoa атына 
БИ ин 
| = — 
ә 


















Sector ID information 





Sectar 10 information 






Sector ID information 











Sector ID information 









DATABUS 


D; De Ds ра D3 0; D, 5 тыла | 


RECALIBRATE 














Command Command Codes 

















Execution Head retracted to 


Track O 





Command 
Result 


Command Codes 















Status information at 
the end of зеек -орега - 
tion about the FDC 















Command 0 0 оо оо 1 1 Command Codes 
АТ —————M»-—4—— —— HUT —- А 
HLT ———— NO 


SENSE DRIVE STATUS 












Command Command Codes 








Result Status information 


about FDO 
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Command Descriptions 


During the Command Phase, the Main Status Register must 
be polled by the CPU before each byte is written into the 
Data Register. The DIO (ОВ) and ROM (ОВ,) bits in 
the Main Status Register must be in the “0” and 1” states 
respectively, before each byte of the command may be 
written into the UM8272A/A-4. The beginning of the exe- 
cution phase for any of these commands will cause DIO 
and ROM to switch to ''1'' and “0” respectively. 


READ DATA 


A set of nine (9) byte words is required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head setting time 
(defined in the Specify Command), and begins reading ID 
address Marks and ID fields. When the current sector 
number ("А") stored in the ID Register (ОВ) compares 
with the sector number read off the diskette, the FDC 
outputs data (from the Data field) byte-by-byte to the main 
system via the data bus. 

After completion of the read operation from the current 
sector, the Sector Number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous read function is called а “Мин:- 
Sector Read Operation." The Read Data Command must 
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be terminated by the receipt of a Terminal Count 
signal. Upon receipt of this signal, the FDC stops output- 
ing data to the processor, but will continue to read data 
from the current sector, checking CRC (Cyclic Redundancy 
Count) bytes, and then at the end of the sector terminat- 
ing the Read Data Command. 


The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), 
МЕМ (МЕМ/ЕМ), апа М (Number of Bytes/Sector). Table 
5 shows the Transfer Capacity. The “multi-track” func- 
tion (MT) allows the FDC to read data from both sides 
of the diskette. For a particular cylinder, data will be 


Table 5. Transfer Capacity 


Multi-Track MFM/FM Bytes/Sector 
MT M N 
0 00 
01 
00 
01 


Maximum Transfer Capacity Final Sector 
(Bytes/Sector) (Number of Read 
Sectors) from Diskette 


(128) (26) 3,328 
(256) (26) - 6,656 


26 at Side 0 
or 26 at Side 1 


(128) (52)- 6,656 | 

(256) (52) = 13,312 26 at Side 1 
15 at Side O 

or 15 at Side 1 


(256) (15) = 3,840 
(512) (15) - 7,680 


(256) (30) = 7,680 


(512) (30) - 15,360 15 at Side 1 


02 
03 


1 
1 
01 
02 
1 02 
1 03 


transferred starting at Sector 1 Side 0 and completing 
at Sector | Side 1 (Sector | = last sector on the side). 
‚Мое: This function pertains to only one cylinder (the 
same track) on each side of the diskette. 


When N = 0, DTL defines the data length which the 
FDC must treat as a sector. М DTL is smaller than the 
actual data length in a Sector, the data beyond DTL in the 
Sector is not sent to the Data Bus. The FDC reads (in- 
ternally) the complete Sector performing the CRC check, 
and depending upon the manner of command termination, 
may perform a Multi-Sector Read Operation. When N is 
non-zero, then ОТІ has no meaning and should be set to 
OFFH. 


At the completion of the Read Data Command, the head 
is not unloaded until after Head Unload Time Interval 
(specified in the Specify Command) has elapsed. |f the 
processor issues another command before the head unloads, 
then the head settling time may be saved between 
subsequent reads. This time out is particularly valuable 
when a diskette is copied from one drive to another. 
If the FDC detects the Index Hole twice without finding 
the right sector, (indicated іп “R”), then the FDC sets the 


F 
1 
0 
1 
0 
1 
0 01 
1 02 
0 
1 
0 
1 


(512) (8) 
(1024) (8) 


8 at Side 0 
or 8 at Side 1 


(512) (16) = 8,192 
(1024) (16) - 16,384 


8 at Side 1 





ND (No Data) flag in Status Register 1 to a 1 (high), and 
terminates the Read Data Command. (Status Register O 
also has bits 7 and 6 set to O and 1 respectively.) 


After reading the ID and Data Fields in each sector, the 
FDC checks the CRC bytes. If а read error is detected (in- 
correct CRC in ID field), the FDC sets the DE (Data Error) 
flag in Status Register 1 to a 1 (high), and if a CRC error 
occurs in the Data Field the FDC also sets the DD (Data 
Error in Data Field) flag in Status Register 2 to a 1 (high), 
and terminates the Read Data Command. (Status Register 
O also has bits 7 and 6 set to O and 1 respectively.) 


If the FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit D5 in the first Command 
Word) is not set to O, then the FDC sets the CM (Control 
Mark) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command, after reading all the data in the 
Sector. М SK = 1, the FDC skips the sector with the 
Deleted Data Address Mark and reads the next sector. 


During disk data transfers between the FDC and the 
processor, via the data bus, the FDC must be served by 
the processor every 27 us in the FM Mode, and every 
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13 us іп the МЕМ Mode, or the ЕС sets the OR (Over 
Run) flag in Status Register 1 to a 1 (high), and terminates 
the Read Data Command. 

If the processor terminates a read (or write) operation in 


UM8272A/A-4 


the FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. 
Table 6 shows the values for C, H, R, and N, when the 
processor terminates the Command. 


Table 6. 10 Information When Processor Terminates Command 








Sector 1 to 25 at Side 0 
Sector 1 to 14 at Side 0 
Sector 1 to 7 at Side 0 





Sector 26 at Side 0 
Sector 15 at Side 0 
Sector 8 at Side 0 


Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 


Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 1 


Sector 1 to 25 at Side 0 
Sector 1 to 14 at Side 0 
Sector 1 to 7 at Side 0 


Sector 26 at Side O 
Sector 15 at Side O 
Sector 8 at Side 0 


Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 


Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 1 














































ID information at Result Phase 
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Note: 1. МС (Мо Change): Тһе same value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 


WRITE DATA 


A set of nine (9) bytes is required to set the FDC into 
the Write Data mode. After the Write Data command has 
been issued the FDC loads the head (if it is in the unloaded 
State), waits the specified head settling time (defined in 
.the Specify Command), and begins reading the ID Fields. 
When the current sector number (“В”), stored in the 
ID Register (IDR) compares with the sector number read 


Off the diskette, then the ЕОС takes data from the pro- ` 


.tinues 


cessor byte by byte via the data bus, and outputs it to 
the FDD. After writing data into the current sector, the 


Sector Number stored in "R'' is incremented by one, 
and the next data field is written into. The FDC con- 
this "Multi-Sector Write Operation" until the 
issuance of a Terminal! Count-signal. If a Terminal Count 


‘Signal is sent to the FDC it continues writing into the 
current sector to complete the data field. !f the Terminal 


Count signal is received while a data field is being written 


then the remainder of the data field is filled with OO 


(zeros). 
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The FDC reads the ID field of each sector and checks 
the CRC bytes. If the FDC detects a read error (Incor- 
rect CRC) in one of the ID Fields, it sets the DE (Data 
Error) flag of Status Register 1 to a 1 (high), and ter- 
minates the Write Data Command. (Status Register 0 
also has bits 7 and 6 set to O and 1 respectively.) 


The Write Command operates in much the same manner 
as the Read Command. The Following items are the 
‘same (refer to the Read Data Command for details): 


€ Transfer Capacity 

€ EN (End of Cylinder) Flag 

€ ND (No Data) Flag 

€ Head load Time Interval 

€ ID Information when the processor terminates com- 
mand (see Table 6) 

е Definition of DTL when М = 0 and when М #0 


In the Write Data mode, data transfers between the proc- 
essor and FDC must occur every 31 us in the FM mode, 
and every 15 us in the МЕМ mode. |f the time interval 
between data transfers is longer than this the FDC sets 
Һе OR (Over Run) flag in Status Register 1 to a 1 (high), 
and terminates the Write Data Command. 


For mini-floppies, multiple track writes are usually not 
permitted. This is because the turn-off time of the erase 
head coils the head switches tracks before the erase head 
turns off. Therefore the system should typically wait 
1.3 ms before attempting to step or change sides. 


WRITE DELETED DATA 


This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data 
Address Mark. 


READ DELETED DATA 


This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark 
at the beginning of a Data Field with the SK = O (low), 
it will read all the data in the sector and set the CM flag 
in Status Register 2 to a 1 (high), and then terminate the 
command. If SK = 1, then the FDC skips the sector with 
the Data Address Mark and reads the next sector. 


READ A TRACK 


This command is similar to the READ DATA Command 
except that the entire data field is read continuously 
from each of the sectors of a track. Immediately after 
encountering the INDEX HOLE the FDC starts reading 
all data fields on the track as continuous blocks of data. 


‚ the command. 


If the FDC finds an error in the ID or DATA CRC check 
bytes, it continues to read data from the track. The FDC 
compares the ID information read from each sector with 
the value stored in the IDR, and sets the ND flag of Status 
Register 1 to a 1 (high) if there is no comparison. Multi- 
track or skip: operations are not allowed with this com- 
mand. 


This command will terminate when EOT number of sectors 
has been read. If the FDC does not find an ID Address 
Mark on the diskette after it encounters the index hole 
for the second time, it sets the MA (missing address 
mark) flag in Status Register 1 to a 1 (high), and terminates 
(Status Register 0 has bits 7 and 6 set 
to O and 1 respectively.) 


READ ID 


The READ ID Command is used to give the present posi- 
tion of the recording head. The FDC stores the values 
from the first ID Field it is able to read. М no proper 
ID Address Mark is found on the diskette, before the 
INDEX HOLE is encountered for the second time then 
the MA (Missing Address Mark) flag in Status Register 
1 is set to a 1 (high), and if no data is found then the ND 
(No Data) flag is also set in Status Register 1 to a 1 (high) 
and the command is terminated. 


FORMAT A TRACK 


The Format Command allows'an entire track to be for- 
matted. After the index hole is detected, Data is written 
on the Diskette: Gaps, Address Marks, ID Fields апа 
Data Fields, а! per the ІВМ System 34 (Double Density) 
or System 3740 (Single Density) Formats are recorded. 
The particular format which will be written is controlled 
by the values programmed into N: (number of bytes/ 
secter), SC (sectors/cylinder), GPL (Gap Length) and 
D (Data Pattern). These are supplied by the processor 
during the Command Phase. Тһе Data Field is filled 
with the Byte of data stored in D. The ID Field for each 
sector is supplied by the processor: four data requests 
per sector are made by the FDC for C (Cylinder Number), 
H (Head Number), R (Sector Number) and N (Number 
of Bytes/Sector). This allows the diskette to be formatted 
with попзедиеп а! sector numbers, if degred. 


After formatting each sector, the processor must send 
new values for С, H, В, and М to the UM8272A/A-4 for each 
sector on the track. The contents of the R Register аге 
incremented by one after each sector is formatted: 
the В register contains a value of В + 1 when it is read 
during the Result Phase. This incrementing and format- 
ting continues for the whole track until the FDC en- 


* counters the index hole for the second time, where- 


upon it terminates the command. 


4—16 











(Доме 


ИМ8272А/А-4 





If а FAULT signal is received from Ше FDD at Ше end 
of a write operation, then the FDC sets the EC flag of 
status Register 0 to a 1 (high), and terminates the com- 
mand after setting bits 7 and 6 of Status Register O to O 
and 1 respectively. Also the loss of a READY signal at 


Table 7. Sector Size Relationships 


the beginning of a command execution phase causes com- 
mand termination. 


Table 7 shows the relationship between N, SC, and GPL 
for various sector sizes: 


8" STANDARD FLOPPY 54" MINI FLOPPY 


FM Mode 128 bytes/Sector 
256 
512 
1024 
2048 
4096 





IBM Diskette 10| 128 bytes/Sector 
128 
ІВМ Diskette 20 | 256 
512 
1024 
2048 


IBM Diskette 2D 


IBM Diskette 2D 


Notes: 1. Suggested values of GPL in Read or Write Commands to avoid splice point between data field and tD field of con- 


tiguous sections. 
2. Suggested values of GPL in formal command. 


During the Command Phase of the Seek operation the 
FDC is in the FDC BUSY state, but during the Execution 
Phase it is in the NON-BUSY state. While the FDC is in 
the NON-BUSY state, another Seek Command may be 
issued, and in this manner рагаНе! seek operations may 
be done on up to 4 Drives at once. 


If an FDD is in a NOT READY state at the beginning of 
the command execution phase or during the seek opera- 
tion, the NR (NOT READY) flag is set in Status Register 
O to a 1 (high), and the command is terminated. 


Note that the UM8272A/A-4 Read and Write Commands 
do not have implied Seeks, Any RAN command should be 
preceded by: 1) Seek Command, 2) sense Interrupt Status, 
and 3) Read ID. 


RECALIBRATE 


This command causes the read/write head within the 
FDD to retract to the Track O position. The FDC clears 


the contents of the PCN counter, and checks the status 
of the Track O signal from the FDD. As long as the Track 
O signal is low, the Direction signal remains 1 (high) and 
Step Pulses are issued. When the Track O signal goes high, 
the SE (SEEK END) flag in Status Register O is set to a 
1 (high) and the command is terminated. |f the Track 
O signal is still low after 77 Step Pulses have been issued, 
the FDC sets the SE (SEEK END) and EC (EQUIPMENT 

: CHECK) flags of Status Register O both to 1 (high), and 
terminates the command. 


The ability to overlap RECALIBRATE Commands to 
multiple FDDs, and the loss of the READY signal, as 
described in the SEEK Command, also applies to the 
RECALIBRATE Command. 


SENSE INTERRUPT STATUS 


An Interrupt signal is generated by the FDC upon one of 
the following conditions: 
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1. Upon entering the Result Phase of: 
a. Read Data Command 
. Read a Track Command 
. Read ID Command 
. Read Deleted Data Command 
. Write Data Command 
Format a Cylinder Command 
. Write Deleted Data Command 
. Scan Commands 
2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. Execution Phase in the NON-DMA Mode 


тоо ro Q оо 


Interrupts caused by reasons 1 and 4 above occur during 


Table 8. Seek, Interrupt Codes 


Interrupt | dmemuptCode | 


ce o 


normal command operations and are easily discernible 
by the processor. However, interrupts caused by reasons 
2 and 3 may be uniquely identified with the aid of the 
Sense Interrupt Status Command. This command when 
issued resets the interrupt signal and via bits 5, 6, and 
7 of Status Register O and identifies the cause of the 
interrupt. 


Neither the Seek nor Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense inter- 
rupt Status Command after these commands to effec- 
tively terminate them and to provide verification of the 
head position (РСМ). 


Ready Line changed 
state, either polarity 


Normal Termination 
of Seek or Recalibrate 
Command 


Abnormal Termination of 
Seek or Recalibrate 
Command 





the NON-DMA mode is selected, and when ND = 0 the 
DMA mode is selected. 


SPECIFY 


The Specify Command sets the initial values for each of 
the three internal timers. The HUT (Head Unload Time) 
defines the time from the end of the Execution Phase of 
one of the Read/Write Commands to the head unload 
state. This timer is programmable from 16 to 240 ms in 
increments of 16 ms (01 = 16 ms, 02 = 32 ms... OF = 
240 ms). Тһе ЗАТ (Step Rate Time) defines the time in- 
terval between adjacent step pulses. This timer is pro- 
grammable from 1 to 16 ms in increments of 1 ms (F = 1 
ms, Е = 2 ms, О = 3 ms, etc.). The HLT (Head Load Time) 
defines the time between when the Head Load signal 
goes high and when the Read/Write operation starts. This 
timer is programmable from 2 to 254 ms in increments of 
2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms. ... FE = 254 ms). 


-The step rate should be programmed for 1 ms longer than 
the minimum time required by the drive. 


The time intervals mentioned above are a direct function of 
the clock (CLK on pin 19). Times indicated above are for 
.an 8 MHz clock; if the clock is 4 MHz (mini-floppy 
application) then all time intervals are increased by a 
factor of 2. 


The choice of DMA or NON-DMA operation is made by 
the ND (NON-DMA) bit. When this bit is high (ND = 1) 
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SENSE DRIVE STATUS 


This command may be used by the processor whenever 
it wishes to obtain the status of the FDDs. Status Register 
3 contains the Drive Status information. 


INVALID 


If an invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command. 
No interrupt is generated by the UM8272A/A-4 during this 
condition. Bit 6 and bit 7 (DIO and ВОМ) in the Main 
Status Register are both high (1) indicating to the pro- 
cessor that the UM8272A/A-4 is in the Result Phase and 
the contents of Status Register O (STO) must be read. When 
the processor reads Status Register O it will find an 80H 
indicating an invalid command was received. 


A Sense interrupt Status Command must be sent after a 
Seek or Recalibrate interrupt; otherwise the FDC will 
consider the next command to be an invalid Command. 


In some applications the user may wish to use this com- 
mand as a No-Op command, to place the FDC in a stand- 
by or no operation state. 
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Table 9. Status Registers 



















STATUS REGISTER 0 


07 | Interrupt IC 07 = Оапа Об = 0 
Code 
06 


Normal Termination of Сот- 
mand, (NT). Command was com- 
pleted and properly executed. 
D4570andDg- 1 
Seek End 
Equipment EC 
Check 
Not Ready NR 
issued to Side 1 of a single sided 
drive, then this flag is set. 
Head HD This flag is used to indicate the 
Address state of the head at Interrupt. 


Abnormal Termination of Com- 
Unit Select 1 U These flags are used to indicate a 
rive Unit Number at Interrupt 


mand, (AT). Execution of Com- 
mand was started, but was not 
Unit Select O D 
STATUS REGISTER 1 


successfully completed. 
D4 = 1 апа 06 =0 
Invalid Command issue (ІС). 
Command which was issued 
was never started. 
E EN When the FDC tries to access a 
Cylinder Sector beyond the final Sector 
of a Cylinder, this flag is зет. . 
Not used. This bit is always O 
(low). 
Data Error DE When the FDC detects a CRC 
error in either the ID field or the 
data field, this flag is set. 
ND 
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If a read or write command is 
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D5 = 1 and Dg 1 

Abnormal Termination because 

during command execution the 

ready signal from FDD changed 

state. 

When the FDC completes the 

SEEK Command, this flag is 

set to 1 (high). 

If a fault Signal is received from 

the FDD, or if the Track O Signal 

fails to occur after 77 Step Pulses 

(Recalibrate Command) then 

this flag is set. 

When the FDD is in the not-ready 

state and a read or write com- 

mand is issued, this flag is set. 
Over Run If the FDC is not serviced by 
the main systems during data 
transfers, within a certain time 
interval, this flag is set. 
Not used, This bit isalways O (low) 
During execution of READ DATA, 
WRITE DELETED DATA or SCAN 
Command, if the FDC cannot 
find the Sector specified in the 
IDR Register, this flag is set. 
While executing the READ ID 
Command, if the FDC cannot 
read the ID field without an 
error, then this flag is set. 
During the execution of the 
READ A Cylinder Command, if 































Not NW During execution of WRITE DATA, 
Writable 
the Index hole twice, then this 
Address Mark or Deleted Data 
(Missing Address Mark in Data 
the medium is different from that 
~ mand, if the condition of "equal" 
D 
Satisfied mand, if the FDC cannot find a 
Bad BC 
Cylinder 
of C is ЕЕ, then this flag is set. 
Е Магк іп Address Mark ог Deleted Data 
This bit is used to indicate the 
This bit is used to indicate the 


Dp | 


D2 | Мо Data 





Description 
WRITE DELETED DATA or 
Format Cylinder Command, if 
the FDC detects a write protect 
signal from the FDD, then this 
flag is set. 
Missing MA If the FDC cannot detect the ID 
Address 
flag is set. 
Address Mark, this flag is set. 
Field) of Status Register 2 is set. 
STATUS REGISTER 2 
Миг XE Not used. This bit is always O (low.) 
CM While executing the READ 
DATA or SCAN Command, if 
the FDC encounters a Sector 
which contains a Deleted Data 
Address Mark, this flag is set. 
Data Error in If the FDC detects a CRC error in 
Data Field the data field then this flag is set. 
This bit is related to the ND bit, 
stored in the IDR, this flag is set. 
SH 
Hit 
is satisfied, this flag is set. 
Sector on the cylinder which 
meets the condition, then this 
flag is set. 
This bit is related to the ND bit, 
and when the content of C on the 
medium is different from that 
Missing MD When data is read from the medi- 
Data Field Address Mark, then this flag is set. 
status of the Fault signal from 
status of the Write Protected 
signal from the FDD. 
This bit is used to indicate the 
status of the Ready signal from 
the FDD. 
Track O TO This bit is used to indicate the 
status of the Track O signal from 
the FDD. 
S 


STATUS REGISTER 1 (CONT) 

Address Mark after encountering 
If the FDC cannot detect the Data 
Also at the same time, the MD 
and when the contents of C on 
During execution of the SCAN Com- 

Scan Not While executing the SCAN Com- 
stored in the IDR and the content 

Address um, if the FDC cannot find a Data 

STATUS REGISTER 3 
the FDD. 
3 |Two Side T This bit is used to indicate the 

status of the Two Side signal from ` 









































the FDD. 
he starting sect ot b "WE. A 
а а hus ну ae; г 2 | Неад HD This bit is used to indicate the sta- 
1 у Address tus of Side Select signal to the FDD. 











Unit Select 1 US 1 This bit is used to indicate the 
status of the Unit Select 1 signal 
to the FDD. 

Unit Select O This bit is used to indicate the 


status of the Unit Select O signal 
to the FDD. 
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AC Testing Input, Output Waveform 





INPUT/OUTPUT 


2.0 p | 2.0 


“> TEST POINTS а 


0.8 0.8 
0,45 


А.С. TESTING: INPUTS ARE DRIVEN АТ 24V FOR А LOGIC "1" AND 
0.45V FOR A LOGIC "0". TIMING MEASUREMENTS ARE MADE АТ 2.0V 
FOR A LOGIC "1" AND О. ЗУ FOR A LOGIC "0". 





“АС Testing Load Circuit 


DEVICE 
UNDER 
TEST 


+ 


C, INCLUDES JIG CAPACITANCE 





Timing Waveforms 


PROCESSOR READ OPERATION 


во 'DF 


Та | 
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Timing Waveforms (Continued) 





PROCESSOR WRITE OPERATION 


Ao, CS, РАСК 


DMA OPERATION 


CLOCK TIMING 
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Timing Waveforms (Continued) 





FDD WRITE OPERATION 


сн 


—. 


WRITE CLOCK 
(WCK) 


WRITE ENABLE 
(WE) 


PRESHIFT О or 1 
(PSo 1) 


WRITE DATA 
(WDA) 


a PRESHIFT 0 | PRESHIFT 1 
NORMAL 


SEEK OPERATION 


RW/SEEK 


LCT/ 
DIRECTION 
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Timing Waveforms (Continued) 


FLT RESET 


FAULT RESET 
FAIL UNSAFE RESET 










FDD READ OPERATION 


READ DATA 






READ DATA 
WINDOW 







TERMINAL COUNT 





. Ordering Information 
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/М83С001 


Hard Disk Controller 





Features 


B Serializer-deserializer 

а Programmable track format 

и External drive select and head select registers for 
expandability 

= Internal phase detector for phase lock oscillator 
Interface options: ST-506, ST-412, ST-412HP, ESDI, 


FLOPPY, and QIC-36 TAPE 


General Description 


Тһе UMC Hard Disk Controller UM83C001 is a CMOS 
151 device which performs a majority of the functions 
for controlling floppy drives, Winchester drives and О1С-36 
streaming tape drives. Тһе following is a brief list of 
its capabilities: 


Interface Options 


ST-506 (non-buffered seek Winchesters) 
ST-412 (buffered seek Winchesters) 
ST-412HP (10 mbos buffered seek Winchesters) 


Pin Configuration 


















40 | 15 VOLTS 

39 | | xTAL 

38 | ]PLO/READ CLOCK 
37 | | ЕАЗТЕВ 


03 36 [ ])SLOWwER 
D2 35 | | ВЕАО DATA DELAYED 
D1 | | READ DATA 
ро C fs с 331 | ВЕАО САТЕ 5 
ЗЕТ НЕАО = за 1м/ніте CLOCK 8 
SET DRIVE 8 31 | ]wRITEDATA 
BUSY 5 зо ГІМНІТЕ GATE 
RESET 2 ГІ ] ENABLE ADDRESS MARK 8 
REQUEST 28 Г] DIRECTION/DOMMAND | 
ACKNOWLEDGE —STEP/TRANSFER REQUEST х 
5ТОР | | ТВАСК O/TRANSFER АСК/УТН 3 
АО 25 | |5ЕЕК COMPLETE/STATUS/LTH 
CHIP WRITE 24 ГГ ]sECTOR/ADDRESS MARK FOUND 
CHIP SELECT 23 | JiNDEX 
ВАМ CLOCK 221 ]SELECTED/STATUS 1 
GROUND 211 ]READY STATUS О 


4—24 


Sector options: SOFT, HARD, ESDI ADORESS 
MARKS, ESDI BYTE and ESDI BYTE CLOCKS 
Recording options: UNENCODED, FM, MFM or RLL 
Error checking and correcting options: ECC or CRC 
Write data options: PULSE, NRZ or NRZI 

Read data options: PULSE, NRZ or NRZI 

TTL compatible inputs and outputs. Outputs drive 8 
LSTTL loads 


ESDI STEP/SERIAL MODES (10 mbos Winchesters) 
SA-450 (5” and 3” floppies) 

SA800/850 (8'' floppies) 

QIC-36 (streaming tape drives) 


Sector Options 


SOFT-SECTORING (floppy and Winchester) 
HARD-SECTORING (floppy and Winchester) 
ESDI ADDRESS MARKS (ESDI drives) 
ESDI BYTE CLOCKS (ESDI drives) 


я Disk 
оти 
| Е | counters Ñ 
DISK 


ШЕШ 7 


Block Diagram 






Enable Address Mark 
Direction 

Step 

Seek Conipiete 
Track O 

Wate Clock 






System Wine Data 


Явад Data 

















(Доме 
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Recording Codes 


UNENCODED (for ESDI drives) 

FM (Frequency Modulation) 

MFM (Modified Frequency Modulation) 
RLL (Run Length Limited) 


Error Checking 

CRC (CCITT CRC-16) 

ECC (4 byte, corrects 11 contiguous erroneous bits) 
Data Options 


NRZ (non-return to zero) 
NRZI (non-return to zero inverted) 
PULSE 


Absolute Maximum Ratings* 


Power Supply Voltage, M pj o E dried deg —0.5 to +7.0V 
Input Voltage, МУ,............. —0.5V to Мрр +0.5V 
Operating Temperature, Торр.......... —40 to +85°С 
Storage Temperature, Тот .......... —65 to +150°С 


Recommended koe сено 


ETC | va 


Static Current 
Dynamic Current 




















Track Format 


Extensive control over the track format is provided by 
allowing the length of fields and content of ADDRESS 
MARKS and identifier bytes, etc. to be programmed 
into registers. 


There are 23 registers related to TRACK FORMAT inside 
the /М8ЗС001 (Refer to Figure 1). 18 of these registers 
contain lengths of fields within a track. Others contain 
"content" information. Length fields are written with 
length-1 giving them a range of 1 to 256 inclusive. The 
Data Field Length Register is 2 bytes yielding a maximum 
data field length of 65, 536 bytes. 


*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 






TTL Level* 
TTL Level* 





2H 
О . 





Conditions 


= Vpp or GND 
1 со 
Vi = Von ro GND 








сме 
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AC Characteristics 


Maximum Operating Frequency 
Output Rise Time 
Output Fall Time 









Track Format 





1 disk rotation ------------:-:-------------. 
|. 16.67 ms 
index | Index 





Repeated 26 times for RLL. 
17 times for MFM 


ID PLO Lock Оп Data Read Skew | Data PLO Lock Оп 
| ID field Data field 


Data 


ID area агаа 
16 131 12 Sect|. 4 31112112 4 3 15| х 
• Х X bytes; e | ХХХ | (612 bytes) | bytes] • е | e 
00 |00! OO | АТ | ЕЕ (Су |Су Hd (ECC) ОО |00[ 00] 00] А ЈЕ8| User data |(ЕСС)|00| 00 | О 
бы | р па Poit Data field рана 
іпдех пя! ID >ре. identifier 
a | field 2 
gap data Address mark Inter sector 
Pre-ID Address mark sync (А! for МЕМ 
А 2 дар 
зупс (A1 for МЕМ. field 48 for RLL) 
field 48 for RLL) 'Postdata field 


Write update | -- Sector write update — 
| | р Read Gate а _ O 


Figure 1. UM83C001 Track Format Diagram 






— HEX Register Address | — — — — — — — Function |  ***Range(In Bytes) | 
0 POST INDEX GAP . .— à ^^ ]| 1-256 | 
р — — n I | 1-684 | 
Lo. V | ВВ -22222222:222 2222-2422 Пе 6 - 2 
03: | 10 ADDRESS MARK | 1-4 | 
______04 |  Fesvr | өй — | 
INESSE OO 7. | iD ДВЕ Жәңке 203 
— %___ | ipgC а аар 
И cc а РОБЕ аа ee 
______08 . | DATA READ SKEW — | Cd 
9 | DATA PLO LOCK-ON | 1-64  — | 
— s 
NDS eee 1-4 
ЕС. | 

ПЕ НЕН ai rU 
pu | 

pL Ше 
Ex | БЕНЕН = | 
Кыс te PNE: 
зо 22212222) = 











[PRE АА 

БАТА ADDRESS МААК а 

fo ONDE od 

e Е арав 
1 


0 
0 
0 
0 
0 
0 
А 
С 
0 
0 





POST DATA 
INTER-RECORD GAP 
1 — 256 


1 
2 
3 
4 
5 
7 
E 
F 
10 
12 


o сс. у т SECTORS PER TRACK 


*** SET REGISTERS TO n-1 TO GET n BYTE LENGTH 





Table 1. Programmable Format Variables 
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UM83C001 and UM83C002 used with ап memory beginning at the first addressed sector. Only 
8086/8088 System data bytes are transferred. Identifier bytes and ECC 
Figure 2 illustrates the use of the UMC chip set in a typical are checked but not чапетеггна. At the end of the first 
8088 or 8086 system. The RAM BUFFER CONTROLLER sector, the sector number is incremented by опе; the 
(9М83С002) directly accepts the multiplexed address | Sector transfer count is decremented Бу one; and the 
and data lines from the 8086/8088. ADDRESS LATCH — next sector is read and transferred to memory. This 
ENABLE (*ALE) is used to latch the address lines inter- process continues until the sector count goes to zero; 
nally in the controller. These 16 address lines are then the end of the track is reached; or an error occurs. 


multiplexed down to 8 lines for use with dynamic RAMs. When doing single sector reads and writes, the host 


When the processor does a READ or a WRITE to RAM computer system cannot respond quickly enough to read 
a PROCESSOR REQUEST is sent to the BUFFER CON- physically sequential sectors on the disk. Consequently, 
TROLLER. If the RAM is currently doing a DMA read most hard disks will be formatted with an interleave factor 


or write or a refresh, the processor will be told to wait ar any wnes men bs 15» What this means Is taat ctor 
by dropping the READY line, As soon as RAM is O will be recorded right after the index pulse and that 
available, the PROCESSOR REQUEST will De АСС: sector 1 will be recorded anywhere from 4 to 12 sectors 
ledoed x: d the processor will make its memory access. “downstream”. This interleave gives the host computer 
Whenever the RAM is being accessed, the IO/M line will посо handie died Ы and EU ү fead 3n ne 4 
be low. М more than 64 К bytes of RAM is used. bank catch sector 1 without losing revolutions of the disk. 


selects would be decoded from the high order address Without the interleave, each single sector read or write 
bits (A16 — A19) would take one full revolution of the disk to accomplish. 


On the UMC hard disk chips running RLL code, there 
are 26 sectors per track of 512 bytes each. Without inter- 
teave, it would take 26 revolutions of 16.67 ms each 
to transfer an entire track using single sector reads or 
writes. With 9 way interleave, it would take 9 revolutions 
of 16.67 ms each to transfer this same track using single 


І/О reads and writes for the DISK CONTROLLER also 
go through the RAM DATA BUS. Hence an 1/О write 
to the DISK CONTROLLER occurs when the 10/М line 
is high, the DT/R line is high and CHIP SELECT is low. 





Multi-Sector Reads and Writes 'sector reads and writes. Using multi-sector reads and 
The UMC DISK CONTROLLER (0М83С001) has the | writes with no interleave, this same track full of data 
capability of doing multiple sector reads and writes. The сап be transferred in a single revolution of 16.67 ms. 
use of this capability greatly improves system performance. The following table compares the times for transfer with 

and without interleave, and with and without multisector 
On a multi-sector read, data is transferred from disk to reads and writes. 


Host | Disk controller 
system subsystem 


| 8-bit data bus 





UM83C001 


Fast 
р System 
peripheral RAM 


chip 
interface Butter 
Disk 
: controller 


Host 
"microprocessor 


RAM buffer 
controller 
chip 


UM83C002 


. Processor RAM Request 


Figure 2. 8086/8088 System with UM83C001 and UM83C002 
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МО INTERLEAVE 
SINGLE SECTOR R/W 


NO INTERLEAVE 






MULTI-SECTOR АЛМ 


In order to see this improved performance at the system 
level, the computer operating system must make BASIC 
INPUT/OUTPUT SYSTEM (BIOS) calls for multi-sector 
reads and writes. Тһе MSDOS operating system, which 
is used on the IBM PC and other 8086 and 8088 based 
microcomputers, does make multi-sector read and write 
calls for 512 byte sectors. Therefore it is fairly simple to 
take advantage of the performance increase made possible 
by multi-sector operations. 


The CP/M operating system from Digital Research, that 


is used on most 8080 and Z80 based microcomputers, 
does Only single sector read and write calls for 128 byte 


Pin Description 


DATA LINES 
DO – 07 
(TO/FROM HOST) 


SETHEAD 


Track Transfer Times (13,312 Bytes) Milliseconds Bytes/Second | 


9-WAY INTERLEAVE 





ОМАУ INTERLEAVE 





433 30,744 
150 88,747 


798,560 








88,747 


sectors. Getting the increased performance on these 
machines is still possible although somewhat more difficult. 
On these machines the BIOS disk driver program must 
be rewritten so that it does multi-sector reads into a buffer 
area and then ''de-blocks'' additional data from the buffer 
without having to go back to the disk. 


The memory that is used as a buffer for de-blocking must 
be taken away from the memory that is available to the 
system. Оп these systems which have only a 64K byte 
addressing space, this can be a serious disadvantage. One 
solution to this dilemma is to include a separate RAM 
buffer within the disk controller itself. 


These 8 data lines are used for PROCESSOR and DMA READS and WRITES. 
They change synchronously with RAM CLOCK rising edge. 


This signal is used to clock the HEAD ADDRESS, for the drive, into an external 


HEAD SELECT register. Writing to REGISTER ADDRESS 3D produces a pulse 
for loading the external head select onto this line. 


This signal is the load pulse for the external drive selection register. Writing to 
REGISTER ADDRESS 3E produces the load pulse on this pin. 


Pin 11 goes high to indicate that the DISK CONTROLLER is busy doing a disk 
READ or WRITE operation. This pin can be used, if desired, to cause an interrupt 
for the host processor at the end of disk READ or WRITE operation. 


The ВЕЗЕТ line is intended to be an initial Power On reset line. In order to be 
efficient, it should go low or be low for a minimum of 100 nanoseconds at the 
beginning of Power On. This line is a hard reset line and will immediately 
terminate any disk READ or WRITE operation or any other function and reset 
the chip to an initial state. It should be used essentially as a Power On RESET 
and not intended for use as a termination command. 
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Pin Description (Continued) 


ССЗ RE NENNT. INN 


REQUEST The REQUEST line, in conjunction with the ACKNOWLEDGE signal (Pin 14), 
are the "НАМОЗНАКИМ С” lines for the DMA data transfer for the chip. The DISK 
CONTROLLER has a byte of information ready to transfer to RAM or needs a byte 
of information from RAM to write to the disk when the signal at pin 13 is pulled 
low. The RAM BUFFER CONTROLLER chip (0М83С002) will respond by driving 
the ACKNOWLEDGE signal (Pin 14) low and giving the DISK CONTROLLER 
access to the RAM BUFFER. The DMA transfer operations are run synchronously 
with the RAM CLOCK signal (Pin 19). The rising edge of the RAM CLOCK 

pulse defines the cycle boundaries for the RAM. 




























This input is driven low to indicate that the requested DMA byte transfer is 
currently taking place. The ACKNOWLEDGE signal should be a full RAM 
CLOCK cycle in width. 


ACKNOWLEDGE 












On a disk read operation, the ACKNOWLEDGE signal causes the UM83CO01 to 
gate a byte of data onto the DO — D7 data lines. On a disk write or verify operation, 
the ACKNOWLEDGE signal causes the UM83C001 to accept a byte of data from 

the DO — D7 data lines. 








To assure proper “Handshaking” with the. REQUEST line, this line must change 
state while the RAM CLOCK signal is high. 







If data is not transferred fast enough to keep up with the requirements of the disk 
or tape, then the OVERRUN/UNDERRUN bit will be set to one (register address 
05 bit 1). If this happens, the current disk operation will be terminated at the end 
of the current sector. 













This input goes low to indicate the last cycle of a DMA transfer. It is normally 
driven low by the UM83C002 when the byte counter of the active DMA channel 
has reached zero. The UM83C001 will continue reading or writing until the end of 
the current sector is reached and then stop. However, it will not generate any more 
data requests after the STOP line has been activated. On a sector write, the 
remainder of the sector will be filled with the last byte that was transferred. 
















This line is ignored unless ACKNOWLEDGE is also low. 







The UMC DISK CONTROLLER (UM83C001) occupies two !/O port locations 
selected by the AO pin. AO driven low selects the REGISTER ADDRESS POINTER 
or STATUS REGISTER and AO driven high selects the READ or WRITE RE- 

GISTERS. (REFER TO TABLE 2) 








This input is driven by the CPU to indicate whether a register read or write is to be 
performed. А low indicates a write; a high indicates a read. This line has meaning 
ONLY when CHIP SELECT is low; and it is ignored when CHIP SELECT is high. 
















CHIP SELECT 
(CSEL) 


The CHIP SELECT line (CSEL) is driven low by the processor to read from or 
write to the registers inside the UM83C001. This signal is intended to be gated by 
processor's ACKNOWLEDGE signal. 

















RAM CLOCK 
(RAMCLK) 


This clock input synchronizes all CPU and DMA operations of the UM83C001. Cycle 
boundaries are defined by the rising edge of this clock. 
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Pin Description (Continued) 


| Рима Sma (ома | 
GROUND Negative Supply 


READY or This input status line is available to the Host Processor at READ REGISTER 04 
STATUS Bit 6. This line performs no logical function within the UM83CO01 and hence the 
DRIVE READY signal or any other desired status signal may be connected to this 


pin. 
































This input status line is available to the Host Processor at READ REGISTER 04 
Bit 7. This line performs no logical function within the ОМ8ЗСООТ, hence the 
DRIVE SELECTED signal or any other desired status signal may be connected 

to this pin. 


SELECTED or 
STATUS 1 













INDEX The rising edge of this INDEX signal from the selected drive is used to define the 


beginning of the track, |t occurs once per revolution. 


SECTOR 
For hard sectored drives, the rising edge of this input defines the beginning of sector 
except sector О. The beginning of sector О is defined by the rising edge of INDE X. 


SECTOR or 
ADDRESS MARK 
FOUND 
























ADDRESS MARK FOUND 
For soft sectored ESDI drives, the rising edge of this ADDRESS MARK FOUND 
defines the leading edge of every sector except sector O. The beginning of sector 
O is defined by the rising edge of INDEX. 











SEEK COMPLETE 
or STATUS or 
LTH 


SEEK COMPLETE 
The SEEK COMPLETE input is available to the Host Processor as STATUS 
REGISTER Bit 2. 


STATUS 
For ESDI drives, the serial status line is input at this pin and is available to the 
Host Processor as STATUS REGISTER Bit 2. 













LTH (LOWER TAPE HOLE) 
For О!С-36 tapes the LOWER TAPE HOLE signal is input at this pin and is 
available to the Host Processor as STATUS REGISTER Bit 2. 










TRACK 0 or 
TRANSFER ACK 
or UTH 


TRACK О 
For ST-506 type drives, the TRACK 0 signal 15 input at this pin and is available 
to the Host Processor as STATUS REGISTER Bit 1. 


TRANSFER ACK (ESDI DISK) 
For ESDI drives, the TRANSFER ACKNOWLEDGE signal is input at this pin апа 
is available to the Host Processor as STATUS REGISTER Bit 1. 






ОТН (UPPER ТАРЕ HOLE — QIC-36 TAPE) 
For QIC-36 tapes, the UPPER TAPE HOLE signal is input at this pin and is 
available to the Host Processor as STATUS REGISTER Bit 1. 
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Pin Description (Continued) 


ГЭЖ 
27 | 


STEP ог STEP 
TRANSFER 
' REQUEST 












This output is the STEP pulses for ST-506 drives. This line goes high whenever 
а опе is written to register 1F bit 0. This line goes low whenever a zero is written 
to register ЈЕ bit О, 













TRANSFER REQUEST 
This output is used for TRANSFER REQUEST for ESD! drives. 












28 DIRECTION or 


COMMAND 






DIRECTION 
This output is the DIRECTION signal for ST-506 drives and goes high whenever 
а опе is written to register ТЕ Ви 7. 









COMMAND 
This output is the SERIAL COMMAND line for ESDI drives. 







29 ENABLE 


ADDRESS MARK 


WRITE GATE 


WRITE DATA 
WRITE CLOCK 


READ GATE 









This signal is required for the ESDI interface. When writing, it causes the ESDI 
drive to write an address mark on the track. When reading, it causes the ESDI 
drive to search for an ADDRESS MARK. When the ESDI drive finds an 
ADDRESS MARK it will activate the ADDRESS MARK FOUND signal at 

Pin 24. For ESDI drives, WRITE REGISTER 1 should be set to zeros to produce 
a 3 byte wide ENABLE ADDRESS MARK signa! on format writes. 












This signal goes directly to the disk interface and must be HIGH to write data 
to the disk. 








K 
© 





This signal is the WRITE DATA that goes to the disk drive. This WRITE DATA 
тау be un-encoded or encoded either МЕМ or RLL and may be either in a pulse 
format, an NRZ format or NRZI format. 






Е 
--. 


w 
N 


ШЕЕ 
G 


This signal is the code/encoded data rate and is intended for use as a WRITE 
CLOCK for the ESDI drive interface. 











This signal indicates that the controller is in an ID for DATA area and is attempting 
to phase lock onto the READ DATA. This signal is used in the ESDI interface. 
This signal remains ACTIVE even though the DISK CONTROLLER chip is not 
actually performing a READ. The BUSY signal (Pin 11) can be used in 
conjunction with the READ GATE signal to produce a signal enabling an external 
phase comparator if desired. 


READ DATA This signal is the raw DATA pulses that are sent directly from the drive. 


READ DATA This signal is the same as the READ GATE (Pin 34) with the exception that it is 
DELAYED delayed by one half of a READ CODE CYCLE. For example: |f you аге running 
МЕМ дата with a code rate of 10 MHz yielding a READ DATA CYCLE of 100 
nanoseconds, then the data on this pin would be DELAYED by one half of the 100 
nanoseconds equaling 50 nanoseconds. An external delay line is utilized to produce 
this READ DATA DELAYED signal. 











34 
5 


3 
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Pin Description (Continued) 
These two signals are used as comparison inputs to an external VOLTAGE 


SLOWER and 
FASTER CONTROLLED OSCILLATOR so that it can produce the PLO signal at Pin 38. 




































PLO/READ 
CLOCK 


The PHASE LOCK OSCILLATOR (PLO) Input is a READ CLOCK signal which 
is phase locked onto the READ DATA. The rising edge of the PLO clock should 
occur at the same time as the rising edge of the READ DATA delayed signal at 
Pin 35. If the DISK CONTROLLER chip is used to control ап ESDI interface 
drive, the input to this pin would be the READ CLOCK signal coming directly 
from the ESDI interface. 





XTAL (Crystal) This is the crystal oscillator input which is the reference clock for writing to the 
hard disk. The X TAL frequency should be the code frequency going to the disk. 
For example: |f running at МЕМ with a 5 megabit disk data rate, the МЕМ code 
going to the disk would be at a 10 MHz rate and the XTAL input would be at 

. 10 MHz. When using RLL code with a 7 1/2 megabit disk data rate, the code rate 
going to the disk would be 15 MHz and the XTAL input would be 15 MHz. 


-Еог ESDI drives, the +READ CLOCK would be input at this pin. 


D +5 VOLTS Positive Supply 


Register Addresses 





Data Lines (DO-D7), in conjunction with the software and the REGISTER ADDRESSES to be utilized. (Table 2 
controlled АО signal (as an enabling signal), when decod- is a chart of the AO REGISTER ADDRESSES) 
ed select either a write or read operation to be performed 


м | 
STATUS REGISTER ADDRESS 


CONTROLLER BUSY AUTO-INCREMENT 
DISK OP IN PROGRESS DISK DATA 
WRITE GATE REG A5 

DATA REQUESTED ВЕС A4 

DATA AVAILABLE REG A3 

SEEK COMPLETE REG A2 

TRACK 0 REG A1 

ERROR REG AO 


7 
6 
5 
4 
3 
2 
1 
0 


о-о» N G + осо O м 





Table 2. Register Addressing 
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Auto-Increment Available Registers 

If the bit of the REGISTER ADDRESS is set, the address There are 64 available REGISTER ADDRESSES in the 
! will automatically increment after every register read UM83C001; however, only 41 are used. Table 3 is a 
or write. list of available WRITE registers and Table 4 is a list of 


There are two exceptions to AUTO-INCREMENT: (1) avaliable: HEAD registers, 


There is no increment after writing the STEP REGISTER 


(address 9F); and (2) After reading or writing the DATA Register 
REGISTER (address CO). | Address Register 
Decimal 


Status Register POST-INDEX GAP 


The STATUS REGISTER informs the host of certain 01 | EE LOCK-ON 
events performed by the UM83C001 as well as reporting ID ADDRESS MARK 
the status from the drive control. | 


Гэ [| зөө 


7 | Controller Busy | If bit 7 comes up, this indicates that either a 
disk read/write is in progress or the control- 
ler is stil! working on the last byte written 

or that it is incrementing the register address 





















DATA READ SKEW 
DATA PLO LOCK-ON 
PRE-DATA 

DATA ADDRESS MARK 






о ооо + GO N — © 
























Disk Operation | If bit 6 comes up, a disk read/write opera- F8 BYTE 

in Progress tion is in progress. DATA LOW 
DATA HIGH 
DATA ECC 
POST DATA 










INTER-RECORD GAP 
SECTORS PER TRACK 
ID START LOCATION 
ADDRESS MARK FIRST. 
HALF 

ADDRESS MARK LAST 
HALF/UNENCODED 
ADDRESS MARK 
RECORDING CODE 
CLOCK DIVIDER 


Write Gate This bit reflects the state of the WRITE 
GATE pin from the UM83C001 indicating 
that the controller is writing to the drive. 
Normally, registers should not be changed 
while writing to the disk. 

This bit indicates that the controller re- 


quires a byte to be written into the DISK 
3 | Data Available 





















DATA register. It is used for non-DMA 
data transfers. 






This bit indicates that there is byte for the 
host processor to read from the data disk 
register. It is used for non-DMA data 
transfers. 



















2 | Seek Complete/ | This bit reflects the state of its pin (Pin 25) 
Status Data/LTH} on the UM83C001 (i.e. if the signal at this 
pin is high, bit 1 will be high). It is used to 
indicate that the selected drive has com- 
pleted any head positioning sequence; the 
state of a bit in the CONFIGURATION/ 
STATUS word on an ESDI drive; or that 

a QIC-36 tape has detected the lower tape 





SECTOR SIZE 
SECTOR OPTIONS 













DIRECTION 
























hole. STEP 
Track О/ХЕВ This bit reflects the state of its pin (Pin 26) CYLINDER HI 
ACK/UTH on the УМ8ЗСОО1 (i.e. if the signal at this CYLINDER LO 
pin is high, bit 2 will be high). It is used to HEAD 
indicate that the selected drive is at track 0; SECTOR 






that an ESDI drive has acknowledged a 
COMMAND/STATUS transfer; or that a 


QIC-36 tape drive has detected the upper 
‘tape: hole. 






TRANSFER COUNT 
HEAD SELECT 

DRIVE SELECT 

DISK OP 

DATA TO/FROM DISK 
READ/WRITE 




















This bit is set whenever any bit in the 
CONTROLLER ERROR register is set. 
It is the logical OR of the CONTROLLER 
ERROR register bits and may be used by 
the host to quickly check successful com- 
pletion of acommand. This bit is reset 
when a new command is written into the 
DISK OPERATION register. 









*These Addresses do not Auto-Increment. 







Table 3. Write Register Addresses 
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STATUS REGISTER 


ОАТА 00-07 
UNES ^ 


до D 


Figure 3. 


Write Register Address Descriptions 


The WRITE registers, Hex O — 17, control the length of 
the fields of the track format. To set the length, set the 
appropriate register with the desired byte count-1. 


The following is a description of the available registers 
within the UM83COO01 including the appropriate hex 
Register Address: 


(HEX 00) POST INDEX GAP 


Number of bytes after the index pulse. 
FIELD LENGTH ғ 1 — 256 BYTES 


(HEX 01) ID PLO LOCK-ON 


Read gate starts at the beginning of this field. This field 
is to allow the PLO to lock onto the read дата. 
FIELD LENGTH = 1 — 64 BYTES 


(HEX 02) PRE-ID 


The Address Mark search begins in this field. 
FIELD LENGTH = 1 — 64 BYTES 
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WRITE REGISTER 
5097 "ШЕН SE DATA 
‘ест ва РА ә o 
— тен DATA 
| sescren Fit pax 
READ REGISTER 
ADORESSES 


meern АРУ — mm 


A 


_ ЕСС 
вето 4444 |inini-]o] вимопоме emo 
9 WRITE REGISTER 


ADDRESSES 
Е TT EST - 
SELEC ^ А э 22 
ue *= 





REGISTER 
SELECT 
DECODER 


UMS83CO001 Register Addresses and Selection 


(HEX 03) ID ADDRESS MARK 


This field is used on soft sectored media so that the 
controller can identify the start of 10 and DATA 
fields. ADDRESS MARKS in FM ог МЕМ are recorded 
with certain clock pulses missing and are unique from 
all other data and gap bytes recorded on the track. 
ADDRESS MARKS in RLL use an illegal sequence 
which violates the Encoding scheme of 2 to 7 zeros be- 
tween flux reversals. 

FIELD LENGTH ғ 1 — 4 BYTES 


(HEX 04) FE BYTE 


This field is used to identify that you are in an ID field. 


The value of register 18, field identifier byte, (normally 
an FE) is expected in this field. 
FIELD LENGTH - 1 BYTE (fixed) 


(HEX 05) 10 


The ID information from CYL-HI, CYL-LO, HEAD and 
SECTION NUMBER areas are stored in this field. 
FIELD LENGTH - 1 — 16 BYTES 
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(НЕХ 06) 10 ЕСС 


This field contains the CRC or ЕСС bytes for the ID area. 
FIELD LENGTH - 1 — 8 BYTES 


(HEX 07) POST-ID 


This field should contain 005. It is required to ensure 
proper recording and recovery of the last bits of the ID 
CRC/ECC field. Оп write data operations, the WRITE 
GATE goes active at the end of this field. 

FIELD LENGTH = 1 — 4 BYTES 


(HEX 08) DATA READ SKEW 


On READ DATA operations, the READ GATE goes 
active at the end of this field. This field is intended to 
allow the PLO to skip over the write splice area before 
it begins trying to sync onto the read data. 

FIELD LENGTH - 1 — 64 BYTES 


(HEX 09) DATA PLO LOCK-ON 


The READ GATE goes active at this point. 
FIELD LENGTH = 1 — 4 BYTES 


(HEX 0A) PRE-DATA 


The search for ADDRESS MARK starts here. 
FIELD LENGTH - 1 — 64 BYTES 


(HEX 0B) DATA ADDRESS MARK 


see ID ADDRESS MARK 
FIELD LENGTH FOR HARD DISK = 1 BYTE 
FIELD LENGTH FOR FLOPPY - 3 BYTES 


(HEX OC) F8 BYTE 
FIELD LENGTH = 1 BYTE (fixed) 


(HEX 0D) DATA LOW 
(HEX OE) DATA HIGH 


These two bytes define the length of the DATA FIELD 


OD = Low Byte of DATA LENGTH 
OE = High Byte of DATA LENGTH 


FIELD LENGTH - 1 — 65,536 BYTES 


(HEX OF) DATA ECC 


See 1D СЕС/ЕСС field. 
FIELD LENGTH = 1 — 8 BYTES 


(HEX 10) POST DATA 


Data WRITES stop at the end of this field. 
FIELD LENGTH = 1 — 4 BYTES 


(HEX 11) INTER-RECORD GAP 


This field provides a separation between each sector to 
allow speed tolerances; write to read recovery time (time 
between deassertion of WRITE GATE and assertion of 
READ GATE) head switching time and controller de- 
cision making time between sectors and variations in 
detecting INDEX and SECTOR. 

FIELD LENGTH = 1 — 256 BYTES 


(HEX 12) SECTORS PER TRACK 


Write N-1 to this register 
FIELD LENGTH = 1 — 256 BYTES 


(HEX 13) ID START LOCATION 


This register is set to specify which internal register follows 
the FE register in the ID field. This register is set as shown 
below. 


ID Start Next Byte 

Value Following FE 

00 ҒЕ (causes FE to be used 
twice) 

01 CYLINDER HI (normal setting for hard 
disk) 

02 CYLINDER LO (normal setting for 
floppy) 

03 HEAD 

04 SECTOR 

05 SECTOR SIZE 





(HEX 14) ADDRESS MARK FIRST HALF 
(HEX 15) ADDRESS MARK SECOND HALF 


HEX 14 - The first half of the encoded ADDRESS MARK 

HEX 15 = The second half of the encoded ADDRESS 
MARK or the whole unencoded ADDRESS 
MARK when running in unencoded mode. 


ADDRESS MARKS are special bytes recorded at the 
beginning of each 10 and DATA field. These bytes are 
unique and do not occur anywhere else on the disk. They 
are used to identify the exact beginning of the ID and 
DATA fields. These ADDRESS MARKS are made unique 
by violating the rules for encoding the data. 


When using MFM encoding, the ADDRESS MARK is an 
АТ data byte with one of the clock bits dropped. 


MFM CLOCK BITS 
DATA BITS 


0000 
1110 


1110 
0001 


МЕМ ADDRESS MARK 

01010100 10001001 = HEX 54 and HEX 89 
L This bit has been dropped 

HEX 54 = First half in location HEX 14 

HEX 89 = Second half in location HEX 15 
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When using 0М83С001 RLL encoding, the ADDRESS 
MARK is a 4B data byte with one of the bits dropped. 
This results in a unique pattern with 8 zeros in a row. 


4B 010 010 


RLL CODE FOR 4B 


RLL ADDRESS MARK 


In 2,7 RLL encoding, the maximum number of zeros 
in a row is 7. 


11 


000100 000100 1000 


000100 a 1000 = HEX 10 and HEX 08 
This bit has been dropped 


HEX 10 = First half in location HEX 14 
HEX 08 = Second half in location HEX 15 


(HEX 16) RECORDING CODE 


80 00 NRZ WRITE DATA 

40 01 NRZI WRITE DATA 
10 PULSE WRITE DATA 
11 

20 А 00 NRZ READ РАТА 

10 01 NRZI READ DATA 
10 PULSE READ DATA 
11 

08 000 UNENCODED 

04 001 FM 

02 010 MFM 
011 RLL 2,7 

01 Should be O 


(HEX 17) CLOCK DIVIDER 


Through the use of a PLO divider circuit, the disk controller 
chip is capable of controlling several devices that do not 
operate at the same data rates without requiring a separate 
PLO circuit for each. For example, the controller can 
operate a hard disk, a floppy disk, and a tape drive using 
only a single PLO running at 10 MHz or 15 MHz. |f 
running a 15 MHz PLO for an RLL encoded hard disk, 
the controller is divided by 15 to run the tape drive and 
divided by 30 to run the floppy disk. 


The PLO divider can divide from 1 to 256. То divide 
by a number n, the number n-1 must be written into the 
Clock Divider at register address 17 hexadecimal. 


іп order to improve PLO lock-on performance, the Clock 
Divider is synchronized to the first data pulse at the 
beginning of every read operation. 


Bytes that are written to or read from the UMB83CO01 
at RAM CLOCK speed are internally synchronized to 
the WRITE CLOCK. This synchronization can take up 
to 5 write clock cycles. During this synchronization, 
the CONTROLLER BUSY bit (Status Register bit 7) 
will be опе, 


If additional bytes are written to or read from the chip 
during this synchronization, the results will be unpredic- 
table. 


When using a divided down clock, the length of time 
required for this synchronization may become significant. 
For example: when working with a 5-1/4 inch floppy, 
the disk clock would be 2 microseconds. The synchroniza- 
tion could take up to 5 x 2- 10 microseconds. When 
designing your system, insure that reads and writes to the 
UM83C001 are always farther apart than 10 microseconds 
whenever the clock is divided down to a 2 microsecond 
period. This can be done by inserting extra instructions 
in the host program or by monitoring the CONTROLLER 
BUSY bit. 


(HEX 18) FE 


ID field identifier byte 
Write FE to this register. 


(HEX 19) F8 


Data field identifier byte. 
Write F8 to this register for hard disk or FB for floppies. 


(HEX 1A) SECTOR SIZE 


This byte follows the sector number in the ID field and 
is normally used with floppies — not hard disk. 


(HEX 18) SECTOR OPTIONS 


Тһе 0М83С001 handles soft or hard sectored disks or 
ESD! disks using ESDI Address Marks. ESDI byte clock 
Operation requires an external counter to create hard 
sector pulses. 


BIT 7 to 2 = 0 
BIT 1 02 00 SOFT SECTORED 
вто = 01 01 НАНЫ SECTORED 
10 ESDI ADDRESS MARKS 
11 ESDI BYTE CLOCKS 


il 
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(HEX 1E) DIRECTION 


Bit 7 of the register 15 зепі directly to the DIRECTION 
output pin. Writing a HEX 80 to this address will make 
the pin high; a HEX 00 will make it low. This pin is used 
for direction control of ST506 drives or for command 
data on ESDI drives. 


(HEX 1F) STEP 


Bit O of this register is sent directly to the *STEP output 
pin. Writing a HEX O1 to this address will make the pin 
high; a HEX 00 will make it low. This pin is used for 
STEP CONTROL of ST506 drives or for TRANSFER 
REQUEST on ESDI drives. Auto-increment is disabled 


for this address because it must be written repetitively 


to create multiple STEP pulses at the drive interface. 


(HEX 38) CYLINDER HI 


This register contains the HI 8 bits of the cylinder number. 
The contents of this register and the next 3 registers are 
used for writing or searching for ID FIELDS on the disk. 


(HEX 39) CYLINDER LO 
This register contains the LO 8 bits of the cylinder number. 


(HEX 3A) HEAD 
This register contains the HEAD number. 


(HEX 3B) SECTOR 
This register contains the SECTOR number. Оп multi- 


sector operations, this register is incremented after each ` 


sector is read or written and may be read at address 07. 


(HEX 3C) TRANSFER COUNT 


This register contains the number of sectors desired for 
this command —1. Оп _ multi-sector operations, this 
register is decremented after each sector is read or written 
and may be read at address O6. 


(HEX 3D) HEAD SELECT 


When this register is written, the external SET HEAD pin 
strobes low to latch the head number from the data bus. 


(HEX ЗЕ) DRIVE SELECT 


When this register is written, the external -SET DRIVE 


pin STROBES low so that the external drive register can 
latch the drive number from the data bus. 


(HEX 3F) DISK OP 


Writing to this register starts or stops DISK READ: ог 
WRITE operations. The commands are listed below and are 
described in more detail in the DISK COMMAND section. 
00 STOP DISK OPERATION 

80 NO-OP 
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81 WRITE DATA 
82 READ DATA 
83 READ ID 
84 WRITE FIRST SECTOR 
85 WRITE NEXT SECTOR 
86 FORMAT WRITE INTERLEAVED 
87 FORMAT WRITE SEQUENTIAL 


88 READ DATA IMMEDIATE 
89 WRITE SECTOR IMMEDIATE 
ВА X WRITE GAP IMMEDIATE - 
8B VERIFY DATA 

8C READ LONG 


‚ ВЕ 


8F 


(HEX 40) DATA TO/FROM DISK 


Data written to this register is serialized and sent as data 


to the disk. Writing to this register resets the DATA 
REQUESTED status bit (Bit 4). If data is not written. 
fast enough to keep up with the disk, the OVERRUN/ 
UNDERRUN status bit (register 05 Bit 1) will be set. 


Read Register Address Descriptions 





Register Auto 

Address Inch 

Decimal Hex Hex Register 
0 00 80 Not used 
1 01 81 Not used 
2 02 82 Not used 
3 03 83 Not used 
4 04 84 Disk status 
5 05 85 Controller status 
6 06 86 Transfer count 
7 07 87 


‚ Sector number 





Data from disk 


* This address does not auto-increment 


Table 4. Read Register Addresses 


. (НЕХОО — НЕХОЗ) МОТ USED 


(HEX04) DISK STATUS 

BIT 7 - DRIVE SELECTED/STATUS 1 (HEX 80) 

This bit has a dual role when controlling a Winchester drive. 
It indicates that a drive has been successfully selected. This 
pin directly reads the logic level of pin 27 on the chip. 
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BIT 6 = READY/STATUS 0 (HEX 40) 


This bit also has a dual role. When controlling floppy 
and Winchester drives, it indicates that a drive is up. to 
speed and ready for read or write. Апа this pin directly 
reads the logic level of pin 21 of the chip. 


BIT 5 - SECTOR ADDRESS MATCH (HEX 20) 
This bit is set when a sector ID matches what was set into 
the Sector Address Registers during a read/write operation. 
BIT 4 = LAST SECTOR ON TRACK (HEX 10) 
This bit is set during the last sector of a track. (Sector # 
in ID field = Sector per track.) See Multi-Sector transfers. 


BITS 3 THRU О = FIELD COUNTER 


Тһе FIELD COUNTER indicates what field is passing 
under the heads on a read or write. 


FIELD HEX FIELD LOCATION 

COUNT COUNT ON DISK 

0 00 INTER-RECORD GAP ог 
POST-INDEX GAP 

1 01 ID PLO LOCK-ON 

2 02 PRE-ID 

3 03 ID AM 

4 04 FE 

5 05 ID 

6 06 ID ECC 

7 07 POST-ID 

8 08 DATA READ SKEW 

9 09 DATA PLO LOCK-ON 

10 0A PRE-DATA 

11 0B DATA AM 

12 0C F8 

13 ор DATA 

14 OE DATA ECC 

15 OF POST-DATA 


(HEX 05) CONTROLLER STATUS 
BIT 7 = NO RECORD FOUND (HEX 80) 


Indicates that on a read or write, the controller has received 
two successive index pulses without finding an ID field 
that matched the Sector Address registers. Sector pulses 
-are not input on the INDEX ри). | 


BIT 6 - MISSING DATA AM (F8 MISCOMPARE) 
(HEX 40) | | 


This bit is set if the byte after the Data Address Mark does 
not match the contents of register 19, the Data Field Iden- 
tifier byte, indicating that a data field probably does not 
exist. 


BIT 5 ғ ID ECC/CRC ERROR (HEX 20) 


When set indicates that a read/write sector to the addressed 
sector was found, but that the CRC/ECC was in error. 
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BIT 4 - DATA ECC ERROR (HEX 10) 


When set indicates that a read of the addressed sector was 
found, but that the DATA field CRC/ECC bytes was in 
error. 


BIT 3 - DATA MISMATCH (HEX 08) 


Indicates that the Verify command has stopped with a 
data mismatch error. See Verify command. 


BIT 2 - DATA TRANSFER STOPPED 
(STOP RECEIVED) (HEX 04) 


Indicates that during a read or write the DMA-STOP pin 
was activated and that the transfer has stopped. 


BIT 1 = OVERRUN/UNDERRUN (HEX 02) 


Indicates that data was not transferred to or from the con- 
troller quick enough for the Serializer/Deserializer section. 


BIT 0 - NOT USED 


(HEX 06) TRANSFER COUNT 


This register contains the number of sectors remaining 
(including the current) for Multi-sector operations and it 
is decremented after each successful sector read or write. 


(HEX 07) SECTOR NUMBER 


This register contains the SECTOR NUMBER for the 
operation that the controller is currently performing. 
It is incremented after each multi-sector operation but 
is not incremented if an error occurs. 


(HEX 08) NOT USED 

(HEX 09) 56 BIT ECC SYNDROME BYTE 0 
(HEX 0A) 56 BIT ECC SYNDROME BYTE 1 
(HEX 0B) 56 BIT ECC SYNDROME BYTE 2 
(HEX OC) 56 BIT ECC SYNDROME BYTE 3 
(HEX 00) 56 BIT ECC SYNDROME BYTE 4 
(HEX OE) 56 BIT ECC SYNDROME BYTE 5 


Disk Commands 


Writing to the COMMAND register at location 3F causes 
a disk operation to begin. АП registers used in the disk 
operation should be set up prior to writing to the COM- 
MAND register. | 


(НЕХ 00) АВОВТ 


This command will immediately terminate any operation 
in progress. | 


(НЕХ 80) МО ОР 


This command causes по disk operation. 








Соме 


(HEX 81) WRITE DATA 


This command writes data from memory into the data 
field of the sector whose address has been written into 
the sector address registers in the chip. Multi-sector writes 
are possible up to 256 sectors. 





(HEX 82) READ DATA 


This command reads the data field from the sector whose 
ID has been set into the registers on the disk controller. 
The data field is transferred to memory Бу ОМА, It may 
optionally be transferred under program control if the 
disk speed is slow enough for the computer to keep up 
with it. The F8 byte immediately following the data 
address mark is not transferred but is checked to assure 
that a data field is present. 


At the end of every sector transfer, the Transfer Count 
is checked. If it is zero, the operation stops. lf it is non- 
zero, it is decremented, the sector number is incremented, 
and the next sector is read. This process continues until 
the Transfer Count goes to zero, the end of the track is 
reached, or an error occurs. 


The DMA data transfer may be stopped by having STOP 


go low during a DMA cycle (ACK low). If this happens, 
the disk controller will immediately cease data transfer 
and will halt the operation at the end of the current sector. 
In this case, the Transfer Count will not be decremented 
and the sector number will not be incremented. 


The residual Transfer Count and the sector number 
registers can be read to determine where to continue. 


(HEX 83) READ ID 


This command reads the next ID field and ID ECC field 
that is encountered on the disk or tape. It transfers 
both fields to memory. The ID ECC field is checked 
for errors. 


It. can be used to establish track orientation on tape or 
disk. И can also be used in error recovery procedures to 
determine if the read-write heads are positioned over 
the correct track. 


(HEX 84) WRITE FIRST SECTOR 


This command begins writing at the Index Pulse and 
writes both ID fields and data fields. Information for 
the index field comes from the internal sector address 
registers. Information for the data fields is transferred 
from memory. 


Multi-sector writes can write up to 256 sectors. 


memory during the 


 умвзсоо1 


If this command is terminated by the transfer count going... 


to zero, it stops writing at the end of the post-data field- 
of the last sector. № this command is terminated by the. 
sectors per track counter going to zero, it will continue 


writing the post-data field unti! the next Index Pulse is 


reached or until a Reset Command (00 hexadecimal) | 
is received. | ES 


This command сап be used to format and. awrite data to 
a track in a single operation. | | 


(HEX 85) WRITE NEXT SECTOR 


This command begins .writing-dt the end of the post- 


data field of the sector whose address has been set 


into the internal sector address registers. It writes ID 
fields as well as data fields. It stops writing at the end 
of the postdata field when the transfer count goes to 
zero. 


Multi-sector writes can be done up to 256 sectors. 


This command can be used to repair the 10 field of a 
damaged sector. 


(HEX 86) FORMAT INTERLEAVED 


This command is similar to the Format Sequential. (See 
HEX 87) command. However, in this command the ID. 
fields 10 be written on the disk come from memory. 


. rather than from the internal registers on the ID. 


Numbers written are totally programmable and can: be 
interleaved in any manner desired. 


For each sector written the disk controller will fetch all 
bytes of the ID field plus one byte of filler (usually a 
hexadecimal E5) for the data field. — The hexadecimal 
FE byte immediately following the ID Address Mark 
is not fetched from memory but is written from the 
internal register in the disk controller. 


For a typical hard disk format the ID field length. would 
be 4, and the following 5 bytes моша be fetched from. 
memory for each sector. 


Cylinder High 

Cylinder Low 

Head 

Sector | 

Data Filler Byte (usually E5) - 


If the track is being formatted with 26 sectors, then 
a total of 5 x 26 - 130 bytes will be fetched from 
"Format Interleaved command 
execution. | 
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(HEX 87) FORMAT SEQUENTIAL 


This command is used to format a single track on a disk. 
It begins writing at index and continues writing to the 
next index. It writes all ID and data fields using the 
information set into the on-chip ID and DATA registers. 


ID Register Data Filler Register 
Byte Address Byte Address 
CYLINDER HI HEX 38 DATA HEX 40 
CYLINDER LO HEX 39 
HEAD HEX 3A 
SECTOR SIZE HEX 1A 


After each sector is written, the sector number register 
is incremented by one and the track size register is decre- 
mented by one. When the track size register reaches 
zero, one last sector is written and the remainder of the 
track is written with zeros. 


No data is transferred to or from memory during a format 
sequential command. 


(HEX 88) READ DATA IMMEDIATE 


It differs in that when it is issued, the track orientation 
counters are reset to the postindex gap and the read 
operation begins there. It is intended primarily for use 
when controlling tape drives where there is no index 
pulse to establish position on the track. With this 
command the microprocessor is resoonsible for main- 
taining track orientation. 


Data transfer occurs the same as with the Read Data 
command. Up to 256 sectors can be transferred with a 
single command. 


(HEX 89) WRITE IMMEDIATE 


Write immediate is a formatting type write in that it 
writes the 10) field of each sector as well as the data field. 
It is intended primarily for use when controlling tape 
where there is no index pulse to establish track orienta- 
tion. When it is issued, the track orientation counters 
аге set to postindex gap and + WRITE GATE goes high 
immediately. 


ID field information is written from the internal sector 
address registers. Data field information is transferred 
from memory. Тһе sector number is incremented after 
every sector is written. Ор to 256 sectors can be written 
with a single Write Immediate command. 


Writing stops at the end of the post-data field when the 
transfer count goes to zero. 


If Write Immediate is terminated by the physical sector 


count going to zero, the controller will continue writing 
the post-data field until it is stopped by the microprocessor 
issuing а Reset Command (00 hexadecimal) or until an 
Index Pulse is received. This allows tapes to be written 
with a long trailer gap after the last data block. 


(HEX 8A) WRITE GAP IMMEDIATE 


When the Write Gap command is issued, the track orienta- 
tion counters are set to post-index gap and the controller 
immediately begins writing zeros. Writing continues 
until the index is reached or until this command is ter- 
minated by the issuance of another command or a halt 
command, Е 

This command is intended primarily for writing header or 
trailer zero fields on tape. 


(HEX 8B) VERIFY DATA 


This command begins reading data from the disk at the 
addressed sector and comparing it to the data transferred 
from memory. 1f the disk data and the data from memory 
do not match, this command will terminate with the Data 
Mismatch bit set (Read Register OD bit 3). 


(HEX 8C) READ LONG 


This command is used primarily for checking the ECC 
апа САС circuitry. 1% reads and transfers to memory the 
data field and data ECC field of the addressed sector. 


The ID ECC field and the data ECC field are checked and 
error latches are set if they are not correct. Ап error in 
the ID ECC field will not stop the data field from being 
transferred as it would with the Read Data command. 
However, an error in either ECC field will terminate a 
multi-sector Read Long at the end of the post-data field 
of the sector containing the error. 


After using the Read Long command, the ECC Syndrome 


registers containing the EGG bits read from the disk instead 
of error bits. 


This command also allows the reading of records that 
were written by controllers that use different ECC or 
CRC generators. 


(HEX 8D) WRITE LONG 


This command is used primarily for checking the ECC 
and СЕС circuitry. И writes from memory the data field 
and the data ECC field of the addressed sector. This 
command permits the creation of errors to assist in testing 
the error detection circuits. 


An error in the ID ECC field will not prevent writing to 
the addressed sector. 


4—40 

















(2). „ле | | UM83CO001 


Timing Specs and Diagrams 





This section is devoted to the timing of signals and their are to be used as design tools when incorporating the 
relationship to each other in order to make maximum UM83C001 into your system. 
use of the UM83C001. The following tables and diagrams 


XTAL 
PLO 
READ DATA MBITS/SEC 





Table & Signal Frequencies Table 6. Signal Widths 


ХТА HI ` WRITE DATA 
АСК & MCLK LO ` 
[маки — веготмен — 


XTAL OR PLO HI DIRECTION 
XTAL OR PLO HI STEP 


CSEL HI OR WRT LO DO-D7 TRI-STATE 
CSEL LO & WRT HI DO-D7 ACTIVE 
ACK НІ OR WRT LO 20-07 TRI-STATE 
ACK LO & WRT HI 00-07 ACTIVE 


LI — DI au GNE кк 
[wu ан —  [ IT 


Table 7. Delays 
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' From Changing Signal 


ACKNOWLEDGE ` | RAMCLK LO NANOSECONDS 
ACKNOWLEDGE RAMCLK HI 


WRITE RAMCLK LO 
WRITE RAMCLK HI 


CHIP SELECT RAMCLK LO 
. CHIP SELECT RAMCLK НІ 


AO 15 RAMCLK LO 
А0 RAMCLK НІ 15 


NOTE THAT ALL THE ABOVE SIGNALS SHOULD CHANGE WHEN RAMCLK 15 HIGH AND ВЕ 
STABLE WHEN RAMCLK IS LOW 


DATA (DO — D7) 2 RAMCLK Н! NANOSECONDS 
STOP 6 RAMCLK НІ 





Table 8. Set Up and Hold Time 


RAM CLOCK 


LAST BYTE 
TRANSFERRED 


DO TO D7 





Figure 4. DMA Data Transfer Cycles 
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ONE CYCLE 





DMA 









. 1 
| | | | | 
SET | | SET | 
CHIP SEL | | REGISTER | | REGISTER REGISTER REGISTER ! STATUS | | 
| ADDRESS! | READ | | ADDRESS WRITE | READ | 
1 | | | | 1 қ 
| 
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UM83C002 


RAM Buffer Controller 





Features 


ш 3 DMA channels 

Host processor port : 

Refresh circuit for dynamic RAM built-in 

RAM access priority network 

Address multiplexing for dynamic RAM 

Multiplexed address and data lines from processor 
Pins arranged for easy integration into 8088/8086 
systems 


General Description 


The RAM BUFFER CONTROLLER contains three 
high-speed ОМА channels: a host computer address 
port, dynamic RAM refresh circuitry, and RAM access 
priority logic. One of the ОМА address counters points 
inside the buffer RAM for transferring data between 
` the RAM and the disk. А refresh address counter 
handles dynamic RAM refreshing. Also on chip is an 
address multiplexer. 

The DISK CONTROLLER UM83C001 connects to 
one of the RAM controller chips ОМА channels. 
The two other DMA channels may be used by other 


Pin Configuration 


PROCESSOR 
ADDRESS 
AND 

DATA BITS 








А15 H) 40 | 15 VOLTS 
А141-12 39 | | RAM A7 

А13 | [3 38 | | ВАМА RAM 
А12 | 14 37 ]RAMA5 ADDRESS 
А11 Cs 36 | | RAM А4 

A10 ]6 35 [_] RESET 

AQ Г 17 с 34 Г | RAM АЗ 

Ав в = 33 | Ј ВАМ A2 
А07 = 32 | | ВАМ А1 
AD6 о 31 ] RAM AO 
АО5 ӘӘ зо| | ADDRESS CARRY 
AD4 №  29[ | ОМА REQUEST З 


A1/D1 25 | | STOP 
AO/DO за | WRITE 
CHIP SELECT 23 | ACKNOWLEDGE 2 
RAM CLK 22] | ACKNOWLEDGE 1 


GROUND 


Г | ACKNOWLEDGE ENABLE 


в Мо lost RAM cycles for DMA break-in 

m ОМА carry output permits DMA across 64K boun- 
daries 

m 24 bit timer or baud rate generator 

= TTL compatible inputs and outputs. Outputs drive 
8 LSTTL loads 


high-speed memory-peripheral drives or tape systems — 
if the chip set is being used with its own on-board 
processor. 

When teamed with the UM83C001, the UM83C002 . 
gives the disk direct access to a buffer RAM array. 
What's more, it does so at a speed high enough to 
accommodate 5 Mbit, 10 Mbit and 15 Mbit data transfer 
rates. The new ST412HP interface, for instance, which 
operates at 10 Mbits with MFM encoding, would. have 
a 15 Mbit throughput if it employed RLL2, 7 encoding 
instead. 


Block Diagram 












»| Í 


Processor | 
|| іптегізсе ОМА | 














Стр Бејест 
Write : 
logic — |---ф-] channel 1 
Carry 
Processor 
-Address | НАМ 
А00-А07 | joy db E Address 
АВ-А15 Stop 
ALE 
'Refresh 
address 
Ack2 
Ack1 
DMA Request 3 (disk) 
DMA Request 2 22 
ОМА Request 1 Аск 


Processor Request 


RAM Clock 
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(Duc Е UM83C002 
ЕЕ 8605926004 


Absolute Maximum Ва па“ . . *Comments 

Power Supply Voltage, Vpp ........ —0.5 to *7.0 V Stresses above those listed under "Absolute Maximum 
Input Voltage, Mi Sos а ach —0.5 V to Vgg + 05 V Ratings" may cause permanent damage to the device. 
Operating Temperature, Торт cse ess —40 to 485" C These are stress ratings only. Functional operation of 


PO а —65 to +150 C this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


Storage Temperature, Тетс 


Recommended Operating Conditions 






Conditions 









Low-L evel | 
High- Level : 


Note: (TA = 0 to +70°C, Мрр= 5 V + 5% unless otherwise specified) 









DC Electrical Characteristics 


= |= =] | [e < — 
= |= | [s | |= |< 
ша. | | [ее | 
mm. = fee? | | 









4—45 








Соме UM83C002 





AC Characteristics 


Maximum 
Operating 
Frequency 


Qutput : 
Rise Time 


R 
Output t 
` Fall Time Е 





Pin Description 


т=[ — sma — ИЕ 


1 THRU 14, PROCESSOR ADDRESS These 16 pins are time multiplexed to provide a 16 bit CPU Address 
16, AND 17 AND DATA BITS and an 8 bit CPU data bus to the UM83C001 
When the ADDRESS LATCH ENABLE signal is high, the address 
ADDRESS LATCH on the ADO to AD15 lines is enabled into the ADDRESS LATCH 
1 ENABLE in the UM83C002. When the ALE signal goes low, this address is 
1 
The input lines REQ1, REQ2, ВЕОЗ and ВЕОН аге sampled at the 


5 
(ALE) held in the latch to be used for addressing the RAM. After ALE goes 
CHIP SELECT (CSEL) 
rising edge of this clock to determine who wil! be granted access to 
20 






























The CHIPISELECT linesare driven low by the processor to read from or 
write to the registers inside the (/М83С002, This signal is not intended 
to be gated by the processor's acknowledge signal. When the processor 
does a read of registers within the UM83CO02, the read data wil! be 
held on the data lines until the CSEL line goes back high. 




















This line is an input that serves two purposes. 1% provides the timing for 
multiplexing the RAS and CAS addresses to the dynamic RAM and its 
trailing or rising edge provides the clock to define all memory cycles. 
When this line is high the RAS addresses are output at RAM AO to 
RAM A7. When it is low, the CAS addresses are output at RAM 
АО to RAM A7. 





low , data may be placed on the АБО to AD7 lines. 
RAM CLOCK 
memory during the next memory cycle. 


— А low on this line indicates that опе of the REQUEST lines has been 


21 амалы ы granted access to НАМ. Тһе REQUEST lines are sampled оп the 














ENABLE rising edge of RAM CLOCK.. 
| When: the ACKNOWLEDGE | АСКТ [Request Granted | 
ACKNOWLEDGE 1 line is low, these two lines | H | REQUST3 — 
are encoded to indicate which 
| request has been granted access L | M | RtQusT! | 
ACKNOWLEDGE ӨЗЕГІ 
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Pin Description (Continued) 


This line indicates whether a read or a write is to be performed. A 

low indicates a write and a high indicates a read. 

During processor cycles, it is driven by the processor. During DMA 
WRITE ( (WRT) cycles, it is normally driven by the UM83C002. However, the UM 

83С002 may be programmed to allow the 1/О device to drive this line. 

During unused cycles and refresh cycles, the UM83CO02 drives this 

line high to eliminate the need for an external pull-up resistor. 


| | 


PROCESSOR REQUEST 


DMA REQUEST 1 















This line goes low to indicate the last cycle of a DMA transfer. It 
is normally driven low by the UM83C002 when the byte counter 
of the active DMA channel has reached zero. The DMA channel 
becomes disabled after this last cycle and it will ignore any further 
requests until it has been restarted by writing to its command register. 
Each channel can be programmed to allow the external МО device 
to drive this line. However, internal byte counts are always active 
so that transfer will stop when STOP goes low or when the byte count 
reaches zero, whichever comes first. 

This line is driven by the UM83C002 during unused cycles (cycles 
during which ACKNOWLEDGE is high). It is normally driven low. 
However, a refresh cycle is indicated when STOP ACKNOWLEDGE 
and WRITE are high at the same time. A timer cycle is indicated by 
WRITE being low when ACKNOWLEDGE and STOP are high. 





































The processor requests access to RAM by placing a low on this line, 
This line is sampled by the rising edge of the RAM CLOCK. The pro- 
cessor has lowest priority. It will be granted access to RAM only 
if all three DMA requests are HIGH. 







This is the lowest priority ОМА REQUEST. | samples on the rising 
edge of RAM CLOCK. DMA CHANNEL 1 will be granted access 
to ВАМ ,If DMA REQUEST 2 and DMA REQUEST 3 are high. 










This is the middle priority DMA REQUEST. This channel will be 
granted access to RAM only if DMA REQUEST 3 is high. 






DMA REQUEST 2 





This is the highest priority ОМА REQUEST. If this line is low when 
the rising edge of RAM CLOCK occurs, DMA CHANNEL 3 will con- 
trol the next memory cycle. 





DMA REQUEST 3 






This output goes low to indicate that the memory address of the 
DMA channel that is acknowledged is at its maximum count of 65,535 
and will roll over to O at the end of this memory cycle. This line 
also goes low on a refresh cycle when the refresh address counter 
is at its maximum count of 255. This line also goes low on a timer 
Cycle when the timer is at its maximum count. 1 
When operating in the address decrement mode, that line goes low 
to indicate that the DMA channel address is OOOO and this it is going 
to roll over to FFFF at the end of the current memory cycle. 

This line is provided so that DMA transfers can be performed across 
64K boundaries if desired. This line would be used to increment 
an external counter containing the higher order address bits. This 
line can also be used to increment additional external refresh address 
counter bits if more than 8 bits of refresh address are required. This 
line can also be used to extend the timer beyond 24 bits. 










ADDRESS CARRY 
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These are the multiplexed address lines for use with dynamic RAMS. 
When RAM CLOCK is high, address bits 8 thru 15 are gated to these 
lines. When RAM CLOCK is low, address bits O thru 7 are gated to 
these lines. During REFRESH cycles, the refresh address is gated 
to these lines. During TIMER cycles, the timer count is gated to 
these lines. 






A low on this RESET line resets the (/М83С002 to its initial state. 
The refresh rate is set to maximum refresh every other memory cycle 
and all three DMA channels are disabled. 


+5 VOLTS Positive supply. 


RAM BUS Operation 


A combination of pin signals control the BUS OPERATION to and from the UM83C002 chip. These combinations 
are shown in Table 1. 


‘CARRY | STOP CSEL | WRITE | АСК | Аск2 | Aci | RAM BUS Operation 


CPU WRITE TO MEM/IO 





35 RESET 
























































































| L L 
Ç 3 i У L L | CPU READ FROM МЕМЛО 
X X L L L L L CPU WRITE TO UM83C002 
X X L H | | L CPU READ FROM ОМ83С002 
X X X L L L H CH 1 WRITE TO MEMORY 
x X X H L E H CH 1 READ FROM MEMORY 
Ё X X X L L H CH 1 ADDRESS CARRY 
X L X X L Ë H CH 1 STOP TRANSFER 
X X X L L H L CH 2 WRITE TO MEMORY 
X X X H L H L CH 2 READ FROM MEMORY 
L x X X | H Ё СН 2 ADDRESS CARRY 
X L X X L H L CH 2 STOP TRANSFER 
X X X L L H H CH 3 WRITE TO MEMORY 
X X X H | H H CH 3 READ FROM MEMORY 
L X X X Е H H CH 3 ADDRESS CARRY 
X L X X E H H CH 3 STOP TRANSFER 
X H X L H X X TIMER COUNT ON BUS 
L H X Ë H X X TIMER COUNT CARRY 
X H X H H X X REFRESH ADDRESS ON BUS 
L H X H H X X REFRESH ADDRESS CARRY 
X L X X H X X INACTIVE BUS CYCLE 

- HIGH L - LOW X - DON'T CARE 


Table 1. Signal Combinations 
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Register Addressing 

The ОМС RAM BUFFER CONTROLLER, UM83C002, ‚® There are 16 internal registers іп the (/М83С002. These 
occupies 2 1/О port locations selected by the ADO pin. registers are accessed by writing the register address 
ADO driven low selects the REGISTER ADDRESS/ into the REGISTER ADDRESS register. The selected 
STATUS REGISTER and ADO driven high selects register can then be accessed by doing a READ ог 
the DATA register. WRITE with ADO high. 





ha ОО 
STATUS REGISTER ADDRESS 
О 


CHANNEL 3 ACTIVE 
CHANNEL 2 ACTIVE 
CHANNEL 1 ACTIVE 
TIMER ACTIVE 
AUTO-INCREMENT 






















О 
CHANNEL NO. BIT 1 
CHANNEL МО. BIT 0 

АОТО-ІМСВЕМЕМТ 

















O — N Q IO O м} 


REG A2 REG A2 
REG А1 REG А1 
REG A0 REG A0 





Ф 






Т REGISTER DATA REGISTER DATA 
D7 07 


о-мофсо м 








Table 2. Register Addressing 


The following is a list of the WRITE and READ addresses: 


Register 
Address 
Decimal 














TIMER/REFRESH TIMER COUNT CLK DIVIDER LO 


















CH 1 STATUS CLK DIVIDER HI 
CH 2 STATUS TIMER CONTROL 
CH 3 STATUS TIMER COUNT 
TIMER COUNT REFRESH RATE 
DMA CHANNEL 1 ADDRESS LO 
ADDRESS HI 






BYTE COUNT LO 
BYTE COUNT HI 
CH 1 STATUS CH 1 COMMAND 
ADDRESS LO 
ADDRESS HI 
BYTE COUNT LO 
BYTE COUNT HI 
CH 2 STATUS CH 2 COMMAND 
ADDRESS LO 
ADDRESS HI 
BYTE COUNT LO 
BYTE COUNT HI 
CH 3 STATUS CH 2 COMMAND 
















DMA CHANNEL 2 

















DMA CHANNEL 3 








* These addresses do not auto-increment. 


Table 3. Register Addresses 
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Write Register Addresses 


(HEX 00) CLK DIVIDER LO (AUTO INCR HEX 08) 


Тһе timer consists of а 16-bit variable CLOCK 
DIVIDER which. divides the RAM CLOCK rate. The 
divided down RAM CLOCK is then used to increment 
the 8-bit TIMER COUNT register. 


(HEX 01) CLK DIVIDER НІ (AUTO INCR HEX 09) , 


To divide by “N”, the 16 bit CLOCK DIVIDER в 
set to N-1. 


(HEX 02) TIMER CONTROL (AUTO INCR HEX OA) 
Writing to this address sets one of several timer modes. 


BIT 7 =ENABLE TIMER 
1 = Timer Run 
О = Timer Hold 


BIT 6 = OUTPUT ON INCREMENT 
1 = Timer Byte Output to Bus When it increments 
O = Timer Byte not Output on Increment 


BIT 5 = OUTPUT ON CARRY 
1 = Timer Byte Output to Bus When it Rolls over to 0 
О = Timer Byte Not Output on Roll Over 


ВТ 4 = STOP AT CARRY 
1 = Timer Stops When it Rolls Over 
О = Timer Does Not Stop When it Rolls Over 


BIT3=0 
BIT2=0 
BIT 1=0 
BITO=0 


(HEX 03) TIMER COUNT (AUTO INCR HEX OB) 


Writing to this address sets the initial value of the TIMER 
COUNT. !t also initializes the CLOCK DIVIDER. 


(HEX 04) REFRESH RATE (AUTO INCR HEX OO) 


Ап 8-bit register is provided for the setting of the 
refresh rate. Setting this register to 01 will cause refresh 
cycles to be inserted at the maximum rate which is 
one cycle. Setting this register to 00 will cause refresh 
to be disabled. 


(HEX XX) ADDRESS LO (AUTO INCR HEX XX) 
(HEX 10) = Channel 1 (AUTO INCR HEX 18) 
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(HEX 20) = Channel 2 (AUTO INCR HEX 28) 
(HEX 30) = Channel! З (AUTO INCR HEX 38) 


Low byte of the initial value for the DMA ADDRESS 


(HEX XX) ADDRESS НІ (AUTO INCR HEX ХХ) 


(HEX 11) = Channel 1 (AUTO INCR HEX 19) 
(HEX 21) = Channel 2 (AUTO INCR HEX 29) 
(HEX 31) = Channel 3 (AUTO INCR HEX 39) 


High byte of the initial value for ОМА ADDRESS 


(HEX XX) BYTE COUNT LO (AUTO INCR HEX XX) 


(HEX 12) = Channel 1 (AUTO INCR HEX ТА) 
(HEX 22) = Channel 2 (AUTO INCR HEX 2A) 
(HEX 32) = Channel 3 (AUTO INCR HEX 3A) 


Low byte of the initial value for the BYTE COUNT 
for the transfer. Set this to N-1 to transfer М bytes. 


(HEX XX) BYTE COUNT HI (AUTO INCR HEX XX) 


(HEX 13) = Channel 1 (AUTO INCR HEX 1C) 
(HEX 23) = Channel 2 (AUTO INCR HEX 2С) 
(HEX 33) = Channel 3 (AUTO INCR HEX 30) 


High byte for the initial value for the BYTE COUNT 


(HEX XX) COMMAND (AUTO INCR HEX XX) 


(HEX 14) = Channel 1 (AUTO INCR HEX 10) 

(HEX 24) = Channel 2 (AUTO INCR HEX 2D) 

(HEX 34) = Channel 3 (AUTO INCR HEX 3D) 

Writing to these addresses STARTS, STOPS or CON- 
TINUES the DMA operation. 


BIT 7 * ENABLE CHANNEL 
1 = Enable Channel to Respond to ОМА Request 
О = Disable Channel so it Ignores ОМА Request 


ВИТ 6 = INITIALIZE ADDRESS 
1 = Set Address to Initial Value 
О = Leave Address at Previous Value 


BIT 5 = INITIALIZE COUNT 
1 = Set Count to Initial Value 
0 = Leave Count at Previous Value 


BIT 4 = AUTO INITIALIZE 
1 = Address and Byte Count Are Reset to Initial 
Values When Byte Count Reaches Zero. DMA 
Operation Continues 
0 = ОМА Operation Stops When Byte Count 
Reaches Zero. 
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BIT 3 = WRITE TO MEMORY 
1 = DMA Write to Memory 
О = ОМА Read from Memory 


BIT 2 = EXTERNAL STOP | 
1 = Stop Line is Driven from External Source 
0 = RB1002 Drives Stop Line 


ВІТ 1 = EXTERNAL WRITE CONTROL 
1 = Write Line is An Input for This Channel 
О = RB1002 Drives Write Line 


ВІТ О = ADDRESS INCREMENT MODE ` 
1 = Increment Address after Every DMA Read Ог 
Write 
O = Decrement Address after Every DMA Read Or 
Write 


Read Registers Addresses 


(HEX 00) TIMER COUNT (AUTO INCR HEX 08) | 
Current value of the TIMER COUNT. | 


(HEX 01) СН 1 STATUS (AUTO INCR HEX 09) 
SEE WRITE UP AT READ ADDRESS 14 


(HEX 02) CH 2 STATUS (AUTO INCR HEX ОА) 
SEE WRITE UP AT READ ADDRESS 24 


(HEX 03) CH 3 STATUS (AUTO INCR HEX 0B) 
SEE WRITE UP AT READ ADDRESS 34 


(HEX 04) TIMER COUNT (AUTO INCR HEX 00) 
Current value of the TIMER COUNT 


(HEX XX) ADDRESS LO (AUTO INCR HEX XX) 


(HEX 10) = Channel 1 (AUTO INCR НЕХ 18) 
(HEX 20) » Channel 2 (AUTO INCR HEX 28) 
(HEX 30) = Channel 3 (AUTO INCR HEX 38) 


Current address low byte 


(HEX XX) ADDRESS HI (AUTO INCR HEX XX) 


(HEX 11) » Channel 1 (AUTO INCR HEX 19) 
(HEX 21) = Channel 2 (AUTO INCR HEX 29) 
(HEX 31) = Channel 3 (AUTO INCR HEX 39) 


Current address high byte 


(HEX XX) BYTE COUNT LO (AUTO INCR HEX XX) 


(HEX 12) = Channel 1 (AUTO INCR HEX 1A) 
(HEX 22) = Channel 2 (AUTO INCR HEX 2А) 
(HEX 32) = Channel 3 (AUTO INCR HEX ЗА) 


Current BY TE COUNT 


(HEX XX) BYTE COUNT HI (AUTO INCR HEX XX) 


(HEX 13) - Channel 1 (AUTO INCR HEX 1B) 
(HEX 23) = Channel 2 (AUTO INCR HEX 2B) 
(HEX 33) - Channel 3 (AUTO INCR HEX ЗВ) 


Current BYTE COUNT 


(HEX XX) STATUS (AUTO INCR HEX XX) 


(HEX 14) = Channel 1 (AUTO INCR HEX 1C) 
(HEX 24) = Channel 2 (AUTO INCR HEX 2C) 
(HEX 34) ғ Channel 3 (AUTO INCR HEX 3C) 


The following STATUS information is also available 
at READ addresses 01, 02 and 03 


BIT 7 = CHANNEL ENABLE 
1 = Channel is Enabled 
О < Channel is Disabled 


BIT 6 = ADDRESS CARRY 
1 5 Address is at FFFF if Counting up; Address 
is at OOOO if Counting down 
0 = Not at Carry 


BIT 5 = TERMINAL COUNT 
1 < Byte Count is at Zero 
0 = Byte Count is Not Zero 


BIT4= AUTO INITIALIZE 
1- Auto Initialize Mode 
О = Stop at Terminal Count 





BIT3-2WRITE TO MEMORY 
1 = ОМА Write to Memory Mode 
0 = DMA Read from Memory Mode 


ВІТ 2 = EXTERNAL STOP 
1 = Stop is Input 
0 = Stop is Output 
BIT 1 =EXTERNAL WRITE CONTROL 


1 = Write is Externally Controlled 
0 = Write is Internally Controlled 


BIT 0 = ADDRESS INCREMENT MODE 
1 = Address Counts up 
0 = Address Counts down 
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Dynamic RAM Refresh 


The ОМ83С002 has built-in refresh circuitry for 
dynamic RAMs. Ц provides 8 bits of refresh address 
so that dynamic RAMs up to 256 K bits can be 
accommodated. 


An 8 bit register is also provided for the setting of 
the refresh rate. Setting this register to ОТ will cause 
refresh cycles to be inserted at the maximum rate which 
is one cycle out of two. Activating the RESET line 
also sets the refresh to its maximum rate. Setting this 
register to 255 will cause one refresh cycle to be 
inserted for every 256 memory cycles. Setting this 
register to OO will cause refresh to be disabled. 





The refresh cycles are inserted into otherwise unused 
memory cycles whenever possible to maximize system 
performance. For example: |f the rate register is set 
to 255 and there аге any unused cycles during the 
first 255 cycles of the refresh period, the refresh will 
be inserted into the first of them and it will be totally 
invisible to the rest of the system. 


During a refresh cycle, the ACKNOWLEDGE, STOP 
and WRITE lines will be high simultaneously. Тһе 
refresh address will be on the MAO to МАТ? lines. 
If the refresh address is at hexadecimal FF, then the 


CARRY line will also be low. 


Timing Specifications 


This section is devoted to the timings of signals and 
their relationship to each other in order to make the 
maximum use of the UM83C002. The following tables 
and diagrams are to be used as design tools when 
incorporating the УМ8ЗСОО2 into your system. 





Table 4. Clock Frequency 
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Delays 
From 


STOP 
CARRY 
АСК1, ACK2 
MAO TOMA7 


MAO TOMA7 


ADO-AD7 
ACTIVE 


MCLK HI 


MCLK LO 


CSEL LO & 
WRT HI а 
MCLK LO 


Set-Up and 
Hold Times 


TE ze 


STOP MCLK HI 


Table 7. Set-Up and Hold Times 
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UM83C003 


Hard Disk 
Controller Interface 





Features 


в Interfaces to PC XT systems with Hard-Disk controller 

ш |/O channel ready signal generator (generates wait 
state) 

= Clock generator 


General Description 


The 0М83С003 incorporates several functions in a single 
package. Implementation of these functions occurs by 
combining random logic. The UM83C003 contains the 
following circuits: 


Clock Generator 


Pin Configuration 


NC 
DB6 
087 
Н50 
HS1 
HS2 
HS3 


DSO 0М83С003 


051 
САТЕ245 
osc 
X1001 
RAMCLK 
REQ 

ACK 
IOCHRDY 
WRITE 


Block Diagram 





sector buffer RAM addressing and contro! 
Data bus drives directly to slot. 

68-pin PLCC package. 

Supports MFM Disk Controller 


Sector Buffer RAM Addressing and Control 
Data Bus Interface Contro! 
HDC Status & Control Port 


The UM83C003 connects directly to the Host interface 
Data/Command and intraboard Command/Data buses. 





DATA BUS 
BUFFER 











RAM 
ADDRESS med RAO ~ 10 


COUNTER 












RESETDRV 


CONTROL 






OSC — ciock 
_— | CONTROL ==. 
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Absolute Maximum Ratings* *Comments 

Operating Temperature .............. 0°C to +70°C Stresses above those listed under "Absolute Maximum 
Storage Temperature............. —55°C to +150 С Ratings" may cause permanent damage to the device. 
All Output Voltages ................ —0.5to+7 V These are stress ratings only. Functional operation of 
АП Input Voltages ................. —0.5 to+7 V this device at these or any other conditions above those 
supply Voltage Усс ................ —0.5 to * 7 V indicated in the operational sections of this specification 
Power Оїрайоп......................... 1W is not implied and exposure to absolute maximum rating 


conditions for extended periods may affect device re- 
liability. 


DC Electrical Characteristics (Voc = 5.0V + 5%, TA = 0 ~ 70°C) 


Input Low Voltage ДЕНЕ NN 


Мн н 
ЕСЕ БЕТІ БЕСІК 
Мон Output High Мо Каде 
Поза = —3.2mA (all others) ; V 
VoL 
. V 
: V 
















Output Low Voltage 
Поза = 6.4mA (SDO ~ 507) 
li oad = 3.2mA (all others) 





AC Characteristics 


Г зуны | — — — Aem _____ ми | м |94, 
[О мени о S E 
[mw 
| 
AVR 












RAMR low to data output 
RAMR high to data High Z 
OSC to X1001 delay time 


RAMA time delay __-_-|_ __« C ~ 
Х1001 to RAMCLK delay time | - | 


Сарасітапсе 


Output Capacitance 
SDO ~ 507 
All others 
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| umc UM83C003 
Pin Description 


ee — — 


53,55,57 500-507 These lines SPUR data bus bitO-bit7 for system microprocessor. 
59, 62, 64, 
66, 68 
4,5,6, 7, DBO-DB7 These lines provide data bus bitO-bit7 for static НАМ, & controller. 
8,9,11, 12 | 
SEDRV This command line indicates selection of drive no, or drive head no. This 
signal is active low. 
This signal is supported by the external oscillator. The working frequency . 
is 30 MHz. 
23 ВЕО These signal pins indicate that another master is requesting a local bus. The 
24 ACK chip receiving the REO will issue ACK as an acknowledgement in the RAM 
CLK clock cycle. These signals are active low. 


This command line is an input control signal used by the CPU to load informa- 
Топ into the chip. This signal is active low. 


This command line is an input control signal used by the CPU to read the 
control signal. It is active low. 


A “Low” on this chip enables the chip. No reading ог writing wil! occur unless 
the chip is selected. This signal is active low. 




































These inputs are normally connected to the address bus. 


A "High" on the input which resets ай control registers on the стр. | 


BUSY is high when the operation is in process. The CPU сап read the status | 
of the controller used by this pin. : 


„Мот Connected. 


When the drive encounters an error in process. 1 sends an error signal to the 
controller to indicate "Write fault". The CPU can read the error message of 
the controller used by this pin. It is active high. 


RESETDRV 


13, 14, Н50, Н51 
15,16 Н52, HS3 


17,18 050, 051 


САТЕ245 


Х1001 
RAMCLK 





Мо. of the drive head. 16 heads are selected. 


Мо. of the disk. 4 disks are selected. | | 


This signal pin is optional. If the sink current of SDO-SD7 is not enough to 
drive the system data bus, the gate 7415245 is directly connected by using 


this pin. 


When MFMSW is high, X1001 is OSC/3. Otherwise, X1001 is OSC/2. 
When MFMSW is high. RAMCLK is OSC/9. Otherwise, RAMCLK is OSC/G. 


When this signal is active high, it may use thís line during a write operation 
if more time is needed to store the data from the bus. It also holds the data 
long enough for the system microprocessor to sample. 





IOCHRDY 








NO 
о 


сл 


This command line indicates that the UM83C001 стр fetches a read or write 
operation. This signal is active low. 
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A “Low” on this input enables the (/М83С001 chip. Мо reading ог writing 
will occur unless the ОМВЗСОО1 chip is selected. 


RAMW The command line indicates that the CPU is loading information into static 
RAM. This signal is active low. 


















The command line indicates that the static RAM is sending data to the 
data bus. This signal is active low. 
HRST is an active low output dervied from the RESETDRV input. 


The signals are connected to the static RAM address. The data in the static 
RAM is read or written by the controller. 





| 36, 37, 38, 
| 39, 40, 41, 
| 42, 43, 45, 
46, 47 


Timing Waveforms 


Write Cycle Read Cycle 


ADDRESS ADDRESS 





SIOW SIOR 
RAMW RAMR 
/ 14 
080-087 шарагсш 500-507 
Clock Timing 
tg 
X1001 
19 
RAMCLK 
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LGIVIES UM83C004 
Hard Disk 
Controller Interface 
Features 
= Interfaces to PC XT systems with Hard-Disk controller = Sector buffer RAM addressing and control 
= |/O channel ready signal generator (generates wait m Data bus drives directly to slot. 
state) 


= 68-pin PLCC package. 


= Clock ge t 
CK generator B Supports RLL/MFM Disk Controller 


General Description 


The 0М83С004 incorporates several functions in a single Sector Buffer RAM Addressing and Control 
package. Implementation of these functions occurs Бу Data Bus Interface Control 
combining random logic. The UM83C004 contains the HDC Status & Control Port 


following circuits: 
The UM83C004 connects directly to the Host interface 
Clock Generator Data/Command and intraboard Command/Data buses. 


Pin Configuration Block Diagram 





SDo ~ 7 ОАТА 805 (Сіз, = DATA BUS ар 086 ~ 7 
дней BUFFER BUFFER 

NC 

D86 

087 

HSO 

нат 


= ВАМ НА 
Siow CONTROL C= жер» ADDRESS =» 0-10 . 








COUNTER 
422 ЗА LOGIC 
HS3 SA, 
050 RESETDRV 
2205 UMS83CO004 no 
GATE245 | RAAR 
OSC НАММ/ 
х1001 | CONTROL HDCS 
RAMCLK HRST 
Бусан WRITE 
| PORT нар 
BUSY 
IOCHRO Y ; i SEDRV 
WRITE osc 
3 38 39 CLOCK 
AB ПОНИ РИО MFMSW CONTROL Ес Х1001 
СІЗДЕ Оо, S ај О- почою оғ 
OIG = 
2656853; 223221222 RAMCLK 
Tow т 2 
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Absolute Maximum Ratings* *Comments 
Operating Temperature .............. 0°C to +70°С Stresses above those listed under "Absolute Maximum 
Storage Temperature ............. —55°С to +150°C Ratings" may cause permanent damage to the device. 
АН Output Voltages —0.5 to + 7V These are stress ratings only. Functional operation of 
ADM M EE | this device h any other conditi e those 
All Input Voltages ................. —0.5 to + 7V . B | : шань "ut ү Ч се аро ; у : 
indicated in the operational sections of this specification 
supply Voltage Усс................ —0.5 to + 7V is not implied and exposure to absolute maximum rating 
Power бізвіраіоп......................... 1W conditions for extended periods may affect device re- 


liability. 


DC Electrical Characteristics (Voc = 5.0М +5%, Т, = 0 ~ 70°C) 


Output Най Voltage 
Поза = —6.4mA (SD, ~ SD,) 


Поза = —3.2mA (all others) 


Output Low Voltage 
Поза = 6.4тА (SD, ~ 50,) 
Поза = 3.2mA (all others) 








[Sms | — 8-0 
ШИГЧИН ШИН::1:11:777 — | _ 
„о ШЕН: Т; ЕИ L 
| ши HEC 
6 






s | ен | — — 
| еге 









Output Capacitance 
500 ~ 507 
АН others 
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Pin Descriptions 





Description 


o 
< 
3 
5 





53,55, 57 
59,62,64, 


500-507 Мо These lines provide data bus bitO-bit7 for system microprocessor. 






66, 68 


| 4,5,6,7 DBO-DB7 1/O These lines provide data bus bitO-bit7 for static RAM, & controller. 
8,9,11,12 










This command line indicates selection of drive по, ог drive head по. This 


SEDRV 
signal is active low. 


This signal is supported by the external oscillator. The working frequency 
is 30 MHz. 


These signal pins indicate that another master is requesting a local bus. The 
chip receiving the REO will issue ACK as an acknowledgement in the RAM 
CLK clock cycle. These signals are active low. 














This command line is an input control signal used by the CPU to load in- 
formation into the chip. This signal is active low. 


This command line 15 an input control signal used by the CPU to read the 
control signal. It is active low. 


А “Low” on this chip enables the chip. No reading or writing will occur 
unless the chip is selected. This signal is active low. 


These inputs are normally connected to the address bus. 
A "High" on the input resets all control registers on the chip. 


BUSY is high when the operation is in process. The CPU can read the status 
of the controller used by this pin. | 
If the signal is high, it selects МЕМ code. Otherwise, it selects R LL code. 


When the drive encounters an error in process, it sends an error Signal to 
the controller to indicate “Write fault", The CPU can read the error message 
of the controller used by this pin. It is active high. 


жый 
АСК 


3 
20 
23 
24 
29 
30 
31 
33 
32 
49 





0 


,RESETDRV 


сл 





С MFMSW 


13,14, Н50, Н51 
| 15,16 Н52, НӚЗ 


1 САТЕ245 






сл 
№ 


о сә co 
= 2 2% 
г o =O 
- < 










No. of the drive head. 16 heads are selected. 


No. of the disk. 4 disks are selected. 


This signal ріп is optional. If the sink current of 500-507 is not enough 
to drive the system data bus, the gate 74LS245 is directly connected by 
using this pin. 


When MFMSW is high, X1001 is OSC/3. Otherwise, X1001 is OSC/2. 
When MFMSW is high. RAMCLK is OSC/9. Otherwise, RAMCLK is OSC/ 
6. 


When this signal is active high, it may use this line during a write operation 
if more time is needed to store the data from the bus. It also holds the 
data long enough for the system microprocessor to sample. 







X1001 
RAMCLK 


> cO 





N 


о 
= 
2 
-4 
m 


5 IOCHRDY 








№ 
~ 










This command line indicates that the UM83C001 chip fetches read or 
write operation. This signal is active low. 


A "Low" on this input enables the UM83C001 chip. Noreading or writing 
will occur unless the UM83C001 chip is selected. 
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Pin Descriptions (Continued) 





The command line indicates that the CPU loads information into static 
RAM. This signal is active low. 


HRST is ап active low output derived from the RESETDRV input. 


HRST 


36, 37,38, RAO-RA10 
39, 40, 41, 

42, 43, 45, 

46,47 


Timing Waveforms 


The signals are connected to the static RAM address. The data in the static 
RAM is read or written by the controller. 





The command line indicates that the static RAM sends data to the data 
bus. This signal is active low. 


Write Cycle Read Cycle 






ADORESS ADDRESS 


SIOW SIOR 
RAMW RAMR 
500-507 


080-087 





Clock Timing 


X1001 


RAMCLK 
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z IARE 
Sivit UM83C021 
Hard Disk Controller 
Features 
Serializer-deserializer в Sector options: SOFT, HARD, ESDI ADDRESS . 
в Programmable track format, compatible with WD MARKS, ESDI BYTE and ESDI BYTE CLOCKS 
А 2. 27 — — m Recording options: UNENCODED, FM, МЕМ or RLL 
0117 сок апо цайх А ага a Error checking and correcting options: ECC or CRC 
With Hardware ECC capability ш Write data opuons: PULSE, NRZ ог NRZI 
m internal phase detector for phase lock oscillator = Read data options: PULSE, NRZ ог NRZI 
m interface options: ST-506, ST-412, ST-412HP, ESDI, = ТТІ compatible inputs and outputs. Outputs drive 
FLOPPY, and О!С-36 TAPE 8 LSTTL loads 


General Description 


The UM83C021 Hard Disk Controller is a CMOS LSI device ESDI STEP/SERIAL MODES (10 mbos Winchesters) 





which performs a majority of the functions for controlling SA-450 (5” апа 3” floppies) 
floppy drives, Winchester drives and QIC-36 streaming SA800/850 (8” floppies) 
tape drives. QIC-36 (streaming tape drives) 

Sector Options 
Interface Options SOFT-SECTORING (floppy and Winchester) 
ST-506 (non-buffered seek Winchesters) HARD-SECTORING (floppy and Winchester) 
ST-412 (buffered seek Winchesters) ESDI ADDRESS MARKS (ESDI drives) 
ST-412HP (10 mbos buffered seek Winchesters) ESDI BYTE CLOCKS (ESDI drives) 
Pin Configuration Block Diagram 












TRACK 
FORMAT 
SPECIFICATION 
REGISTERS 










DISK 
FORMAT 
COUNTERS 







DRIVE SELECT 



















отр Ji 5 VOLTS STATUS DAIVE SELECTED 
06[ 12 XTAL CONTROL HEAD SELECT 
o5[ 13 PLO/READ CLOCK p нЕ 
оаа 20 om ГА 
03115 SLOWER CONTROL WRITE GATE 
02[ 16 READ DATA OELAYEO ENABLE ADDRESS MARK 
о1 47 READ DATA 8 адан aoe 
ов С READ БАТЕ 5 == 
SET HEAD Г 19 2 WRITE CLOCK | АО psum | SEEK COMPLETE 
ЗЕТБАМЕГ fio 9 WRITE DATA 5 WRITE [ue iss 
Busy [] n О WRITE САТЕ mm PARALLEL 
RESET M ENABLE ADDRESS MARK РОТЕ INTERFACE dma “ENCODER WRITE DATA 
REQUEST | [13 DIRECTION/COMMAND LOGICS CONVERTER 
ACKNOWLEDGE Г 114 STEP/TRANSFER REQUEST ї 
Stoel 115 TRACK/TRANSFER ACK/UTH Е T NL 
АОГ 116 SEEK COMPLETE /STATUS/LTH 8 me we 
GHP WRITE [117 SECTOR/ADDRESS MARK FOUND 3| "eve 
CHIP SELECT | 118 INDEX 
RAM CLOCK [ ] 19 SELECTED/STATUS 1 DATA 


GROUND | 120 READ STATUS O 


READ DATA 


DEA 
PHASE LOCKED 


OSCILLATOR 
PLOT 


10. MHz 
CRYSTAL 
OSCILLATOR 
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Recording Codes 


UNENCODED (for ESD! drives) 

FM (Frequency Modulation) 

MFM (Modified Frequency Modulation) 
RLL (Run Length Limited) 


Error Checking 


CRC (CCITT СЕС-16) 
ECC (4 byte, corrects 11 contiguous erroneous bits) 


Data Options 


NRZ (non-return to zero) 
NRZI (non-return to zero inverted) 
PULSE 


Absolute Maximum Ratings* 


Power Supply Voltage, Vpp . . ........ —0.5 to *7.0V 
Input Voltage, М ........ TIE —0.5V to Урр +0.5V 
Operating Temperature, Торт.......... 0°С to +85°C 
Storage Temperature, Vere owt Sede га —65 to +150°C 


Recommended Operating Conditions 


(TA =0 to +70°C, Мор = 5V + 5%) 


















DD 
AE 52 
голи 
Мн 
Deere [у [= 


Track Format 


Extensive control over the track format is provided by 
allowing the length of fields and content of ADDRESS 
MARKS and identifier bytes, etc. to be programmed 
into registers. 


There are 23 registers related to TRACK FORMAT inside 
the 0М83С021 (Refer to Figure 1). 18 of these registers 
contain lengths of fields within a track. Others contain 
"content" information. Length fields are written with 
length—1 giving them a range of 1 to 256 inclusive. The 
Data Field Length Register is 2 bytes yielding a maximum 
data field length of 65,536 bytes. . 


*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


Е 
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DC Electrical Characteristics 


Dynamic Current 
Input Current 


Low-level Output Current 
High-level Output Current 


Low-level Output Voltage 
High-level Output Voltage 


AC Characteristics 


— | ны 


Track Format 
















1 disk rotation — — — - M 
16.67 ms 
Index Index 








Repeated 26 times for RLL. 
17 times for MFM 


ID PLO Lock On Data Read Skew ` Data PLO Lock On 
| ID field | | баға Неја 


ID area Data 
12 Sect 4 3/172 4 3 15] X 
X bytes! e IXIXIX (512 bytes!) | bytes] е . . 
00 100 00 АТ | FE | СУЦСУЦ Hd {ECC)| 00 (00|100100(А1ЕВ| User data 1(ЕСС)| 00 | 00100 


агва 
1 


е 
хо 
ю 


Post- dk Post- Data Кейі шілік ЭХ 
index ID Pre- identifier 
gap field дата Address mark inter sector 
Pre-ID Address mark sync (А! for MEM. gap 
sync (А1 for MFM. field 48 for RLL) 
field 4B for RLL) Розтдата field 


Write update [-—— Sector write update 4 
а. L [-——— Read Gate тгд 


Figure 1. UM83C021 Track Format Diagram 
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UM83C021 
[HEX Register Addres J бөн | *¥¥Range (in Буна — 
[Sd ____РОбтрехба> Y 
|______а ______ _____рАББНЕМАНК_______|_______ та | 
ив |та — j] 
Ben ee а о ИЧИКИ = 
22259 eoe o ее р == == ee s 
x OS  — ATA READ SKEW L 1 
|______е |БАТА РО ОСКОН | — — — 1-84 — — — — 
в | —DATAADDRESSMARK — | — 1-4 — — — — 
Eu OI Ээ илт 
tose 
a Oe eal COM ee ВЕК 
FP VALUE REGISTER POS SC 





*** SET REGISTERS TO n—1 TO GET n BYTE LENGTH 
** WRITE 4E for MFM encoding; 33 Тог RLL encoding 


Table 1. Programmable Format Variables 
Pin Description 


1-8 


DATA LINES These 8 data lines are used for PROCESSOR and DMA READS and WRITES. 
DO — 07 They change synchronously with RAM CLOCK rising edge. 
(TO/FROM HOST) 


SET HEAD 
SET DRIVE 


i 


























This signal is used to clock the HEAD ADDRESS, for the drive, into an external 
HEAD SELECT register. Writing to REGISTER ADDRESS 3D produces a pulse 
for loading the external head select onto this line. 


This signal is the load pulse for the external drive selection register. Writing to 
REGISTER ADDRESS 3E produces the load pulse on this pin. 


Pin 11 goes high to indicate that the DISK CONTROLLER is busy doing a disk 
READ or WRITE operation. This pin can be used, if desired, to cause an interrupt 
for the host processor at the end of a disk READ or WRITE operation. 





The RESET line is intended to be an initial power on reset line. In order to be 
efficient, it should go low or be low for a minimum of 100 nanoseconds at the 
beginning of power on. This line is a hard reset line and will immediately 
terminate any disk READ or WRITE operations or any other functions and reset 
the chip to an initial state. |t should be used essentially as a power on RESET 
and is not intended for use as a termination command. 


RESET 


4—64 








Ос 


UM83C021 





Pin Description (Continued) 


ін | 


ACKNOWLEDGE 








CHIP WRITE 


CHIP SELECT 
(CSEL) 






RAM CLOCK 
(RAMCLK) 
















The REQUEST line, in conjunction with the ACKNOWLEDGE signal (Pin 14), 
are the "HANDSHAKING"' lines for the DMA data transfer for the chip. The DISK 
CONTROLLER has a byte of information ready to transfer to RAM or needs a byte 
of information from RAM to write to the disk when the signal at pin 13 is pulled 
low. The RAM BUFFER CONTROLLER chip (0М83С002) will respond by driving 
the ACKNOWLEDGE signal (Pin 14) low and giving the DISK CONTROLLER 
access to the RAM BUFFER. The DMA transfer operations are run synchronously 
with the RAM CLOCK signal (Pin 19). The rising edge of the RAM CLOCK 

pulse defines the cycle boundaries for the RAM. 












This input is driven low to indicate that the requested DMA byte transfer is 
currently taking place. The ACKNOWLEDGE signal should be a full RAM 
CLOCK cycle in width. 








On a disk read operation, the ACKNOWLEDGE signal causes the UM83C021 to 
gate a byte of data onto the DO — D7 data lines. On a disk write or verify operation, 
the ACKNOWLEDGE signal causes the (/М83С021 to accept a byte of data from 

the DO — D7 data lines. 











To assure proper "Напазћак ла" with the REQUEST line, this line must change 
state while the RAM CLOCK signal is high. 











If data is not transferred fast enough to keep up with the requirements of the disk 
or tape, then the OVERRUN/UNDERRUN bit will be set to one (register address 
05 bit 1). If this happens, the current disk operation will be terminated at the end 
of the current sector. | 












This input goes low to indicate the last cycle of a DMA transfer. It is normally 
driven low by the UM83C002 when the byte counter of the active ОМА channel 
has reached zero. The UM83C021 will continue reading or writing until the end of 
the current sector is reached and then stop. However, it will not generate any more 
data requests after the STOP line has been activated. On a sector write, the 
remainder of the sector will be filled with the last byte that was transferred. 















This line is ignored unless ACKNOWLEDGE is also low. 







Тре UMC DISK CONTROLLER (UM83C021) occupies two 1/О port locations 
selected by the AO pin. AO driven low selects the REGISTER ADDRESS POINTER 
or STATUS REGISTER and AO driven high selects the READ or WRITE RE- 

GISTERS. (Refer to table 2) 











This input is driven by the CPU to indicate whether a register read or write is to be 
performed. A low indicates a write; a high indicates a read. This line has meaning 
only when CHIP SELECT is low; and it is ignored when CHIP SELECT is high. 







The CHIP SELECT line (CSEL) is driven low by the processor to read from or 
write to the registers inside the (/М83С021. This signal is intended to be gated by 
processor's ACKNOWLEDGE signal. 











This clock input synchronizes all CPU and DMA operations of the UM83C021. Cycle 
boundaries are defined by the rising edge of this clock. 
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Pin Description (Continued) 


[== р == — 


READY This input status line is available to the Host Processor at READ REGISTER 04 
STATUS 0 Bit 6. This line performs no logical function within the UM83C021 and hence the 
DRIVE READY signal or any other desired status signal may be connected to this 
pin. 
























This input status line is available to the Host Processor at READ REGISTER 04 
Вії 7. This line performs no logical function within the UM83CO21, hence the 
DRIVE SELECTED signal or any other desired status signal may be connected 
to this pin. Ë 


SELECTED or 
STATUS 1 





INDEX 





The rising edge of this INDEX signal from the selected drive is used to define the 
beginning of the track. 14 occurs once per revolution. 




















SECTOR or SECTOR 
ADDRESS MARK For hard sectored drives, the rising edge of this input defines the beginning of sector 
FOUND except sector 0. The beginning of sector 0 is defined by the rising edge of INDE X. 






ADDRESS MARK FOUND 
For soft sectored ESDI drives, the rising edge of this ADDRESS MARK FOUND 
defines the leading edge of every sector except sector 0. The beginning of sector 
0 15 defined by the rising edge of INDEX. 





















SEEK COMPLETE 
or STATUS ог 
LTH 


SEEK COMPLETE 
The SEEK COMPLETE input is available to the Host Processor as STATUS 
REGISTER Bit 2. 





STATUS 
For ESDI drives, the serial status line is input at this pin and is available to the Host 
Processor as STATUS REGISTER Bit 2. 





LTH (LOWER TAPE HOLE) 
For QIC-36 tapes the LOWER ТАРЕ HOLE signal is input at this ріп and is 
available to the Host Processor as STATUS REGISTER Bit 2. 












TRACK 0 or 
TRANSFER ACK 
or UTH 


TRACK O 
For ST-506 type drives, the TRACK 0 signal is input at this pin and is available 
to the Host Processor as STATUS REGISTER Bit 1. 











TRANSFER ACK (ESDI DISK) 
For ESDI drives, the TRANSFER ACKNOWLEDGE signal is input at this pin and 
is available to the Host Processor as STATUS REGISTER Bit 1. 







ОТН (UPPER ТАРЕ HOLE — QIC-36 TAPE) 
For QIC-36 tapes, the UPPER TAPE HOLE signal is input at this pin and is 
available to the Host Processor as STATUS REGISTER Bit 1. 
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Pin Description (Continued) 


L3 
27 


STEP STEP 
TRANSFER 
REQUEST 
29 

ADDRESS MARK 
WRITE GATE ` 
WRITE DATA 
WRITE CLOCK 


READ GATE 
35 ГЕ 


















This output is the STEP pulses for ST-506 drives. This line goes high whenever 
a one is written to register 1F bit O. This line goes low whenever a zero is written 
to register 1F bit O. 








TRANSFER REQUEST 
This output is used for TRANSFER REQUEST for ESDI drives. 
















DIRECTION | 
This output is the DIRECTION signal for ST-506 drives and goes high whenever 
a one is written to register 1E Bit 7. 


DIRECTION 
COMMAND 








COMMAND 
This output is the SERIAL COMMAND line for ESDI drives. 

















ENABLE This signal is required for the ESDI interface. When writing, it causes the ESDI 
drive to write an address mark on the track. When reading, it causes the ESDI 
drive to search for an ADDRESS MARK, When the ESDI drive finds an 
ADDRESS MARK it will activate the ADDRESS MARK FOUND signal at 

Pin 24, For ESDI drives, WRITE REGISTER 1 should be set to 2 to produce 


a 3 byte wide ENABLE ADDRESS MARK signal on format writes. 










This signal goes directly to the disk interface and must be HIGH to write data 
to the disk. 







This signal is the WRITE DATA that goes to the disk drive. This WRITE DATA 
may be un-encoded or encoded either MFM or RLL and may be either in a pulse 
format, an NRZ format or NRZI format. 











This signal is the code/encoded data rate and is intended for use as a WRITE 
CLOCK for the ESDI drive interface. 











This signal indicates that the controller is in an ID for DATA area and is attempting 
to phase lock onto the READ DATA. This signal is used in the ESDI interface. 
This signal remains ACTIVE even though the DISK CONTROLLER chip is not 
actually performing a READ. The BUSY signal (Pin 11) can be used in 
conjunction with the READ GATE signal to produce a signal enabling an external 
phase comparator if desired. 











This signal is the raw DATA pulses that are sent directly from the drive. 


READ DATA - 


. READ DATA 
DELAYED 







This signal is the same as the READ DATA (Pin 34) with the exception that it is 
delayed by one half of a READ DATA CYCLE. For example: If you are running 
MFM data with a code rate of 10 MHz yielding a READ DATA CYCLE of 100 

nanoseconds, then the data on this pin would be DELAYED by one half of the 100 
nanoseconds equaling 50 nanoseconds. An external delay line is utilized to produce 
` this READ DATA DE LAYED signal. 
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Pin Description (Continued) 
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SLOWER and : 
FASTER 









These two signals are used as comparison inputs to an external VOLTAGE 
CONTROLLED OSCILLATOR so that it can produce the PLO signal at Pin 38. 

















PLO/READ 






The PHASE LOCK OSCILLATOR (PLO) Input is a READ CLOCK signal which 
. is phase locked onto the READ DATA. The rising edge of the PLO clock should 
occur at the same time as the rising edge of the READ DATA delayed signal at 
Pin 35. |Е the DISK CONTROLLER chip is used to control an ESDI interface 
drive, the input to this pin would be the READ CLOCK signal coming directly 
from the ESDI interface. 























CLOCK 
This is the crystal oscillator input which is the reference clock for writing to the 
hard disk. The XTAL frequency should be the code frequency going to the disk. 
For example: If running at МЕМ with a 5 megabit disk data rate, the МЕМ code 
going to the disk would be at a 10 MHz rate and the XTAL input would be at 
10 MHz. If using RLL code with a 7 1/2 megabit disk data rate, the code rate 
going to the disk would be 15 MHz and the XTAL input would be 15 MHz. 


XTAL (Crystal) 
For ESDI drives, the READ CLOCK would be input at this pin. 


re 5 VOLTS Positive Supply 


Register Addresses 


Data Lines (00-07), in conjunction with the software and the REGISTER ADDRESSES to be utilized. (Table 2 
controlled AO signal (as an enabling signal), are decoded is a chart of the AO REGISTER ADDRESSES) 
to select either a write or read operation to be performed 


me ИНН БИЗЕ 
STATUS REGISTER ADDRESS 



















7 CONTROLLER BUSY AUTO-INCREMENT 
6 DISK OP IN PROGRESS DISK DATA 

5 WRITE GATE REG A5 

4 DATA REQUESTED REG A4 

3 DATA AVAILABLE REG 

2 SEEK COMPLETE 

1 TRACK 0 

0 ERROR 





оомо оло ы 


Table 2. Register Addressing 


4-68 








(Доме 


Auto-Increment 


If bit 7of the REGISTER ADDRESS is set, the address 
will be automatically incremented after every register read 
or write. 


There are two exceptions to AUTO-INCREMENT: (1) 

There is no increment after writing the STEP REGISTER 
_ (address 9F); and (2) After reading or writing the DATA 
REGISTER (address CO). 


Status Register 


The STATUS REGISTER informs the host of certain 
events performed by the UM83C021 as well as reporting 
status from the drive control. 


и] s | өш) 


7 | Controller Busy | If bit 7 comes up, this indicates that either a 
disk read/write is in progress or the control- 
ler is still working on the last byte written 
or it is incrementing the register address. 


If bit 6 comes up, a disk read/write opera- 
tion is in progress. 


This bit reflects the state of the WRITE 
GATE pin from the UM83CO21 indicating 
that the controller is writing to the drive. 
Normally, registers should not be changed 
while writing to the disk. - 















Disk Operation 
in Progress 


| Write Gate 
| Data Request 


Data Available 











This bit indicates that the controller re- 
quires a byte to be written into the DISK 
DATA register. It is used for non-DMA 
data transfers. 









This bit indicates that there is a byte for the 
host processor to read from the data disk 
register. И is used for non-DMA data 
transfers. 

















This bit reflects the state of its pin (Pin 26) 
on the UM83C021 (i.e. if the signal at this 

pin is high, bit 2 will be high). It is used to 
indicate that the selected drive is at track 0; 
that ап ESDI drive has acknowledged а COM 
MAND/STATUS transfer; or that a QIC-36 
tape drive has detected the upper tape hole. 


Track 0/XFR 
ACK/UTH 













Seek Complete/ | This bit reflects the state of its pin (Pin 25) 
Status Data/LTH| on the UM83C021 (i.e. if the signal at this 
pin is high, bit 1 will be high). It is used to 
indicate that the selected drive has com- 
pleted any head positioning sequence; the 
state of a bit in the CONFIGURATION/ 
STATUS word on an ESDI drive; or that 

a QIC-36 tape has detected the lower tape 
hole. 

















This bit is set whenever any bit in the 
CONTROLLER ERROR register is set. 

It is the logical OR of the CONTROLLER 
ERROR register bits and may be used by 
the host to quickly check successful com- 
pletion of a command. This bit is reset 
when a new command is written into the 
DISK OPERATION register. 










UM83C021 


Available Registers 


There are 64 available REGISTER ADDRESSES in the 
UM83C021; however, опіу 41 are used. Table 3 is a 


list of available WRITE registers and Table 4 is a list of ' 
available READ registers. 








Register 
Address 
Decimal 











POST-INDEX GAP 
ID PLO LOCK-ON 
PRE-ID 

ID ADDRESS MARK 












DATA READ SKEW 
DATA PLO LOCK-ON 
PRE-DATA 

DATA ADDRESS MARK 
F8 BYTE 

DATA LOW 

DATA HIGH 

DATA ECC 

POST DATA 
INTER-RECORD GAP 
SECTORS PER TRACK 
ID START LOCATION 
ADDRESS MARK FIRST 
HALF 

ADDRESS MARK LAST 
HALF/UNENCODED 
ADDRESS MARK 
RECORDING CODE 
CLOCK DIVIDER 


OON O) O > Q) NS — O 































SECTOR SIZE 
SECTOR OPTIONS 
GAP VALUE 








DIRECTION 
STEP 
CYLINDER НІ 
CYLINDER LO 

HEAD 

SECTOR 

TRANSFER COUNT 
HEAD SELECT 

DRIVE SELECT 

DISK OP 

DATA TO/FROM DISK 
READANRITE 
















*These Addresses do not Auto-Increment. 


Table 3. Write Register Addresses 
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ОАТА 00-07 
имез wa 


WINTE тестен 
00:07 T DATA 


цан 70 





Figure 3. UM83C021 Register Addresses and Selection 


Write Register Address Descriptions 


The WRITE registers, Hex 0 — 17, control the length of 
the fields of the track format. To set the length, set the 
appropriate register with the desired byte count—1. 


The following is a description of the available registers 
within the UM83CO21 including the appropriate hex 
Register Address: 


(HEX 00) POST INDEX GAP 


Number of bytes after the index pulse. 
FIELD LENGTH = 1 — 256 BYTES 


(HEX 01) ID PLO LOCK-ON 


Read gate starts at the beginning of this field. This field 
is to allow the PLO to lock onto the read data. 
FIELD LENGTH ғ 1 — 64 BYTES 


(HEX 02) PRE-ID 


The Address Mark search begins in this field. 
FIELD LENGTH = 1 — 64 BYTES 


(НЕХ 03) 12 ADDRESS MARK 


This field is used on soft sectored media so that the 
controller can identify the start of ID and DATA 
fields. ADDRESS MARKS in FM or МЕМ are recorded 
with certain clock pulses missing and are unique from 
all other data and gap bytes recorded on the track. 
ADDRESS MARKS in RLL use an illegal sequence 
violating the Encoding scheme of 2 to / zeros between 
flux reversals. 

FIELD LENGTH = 1 — 4 BYTES 


(HEX 04) FE BYTE 


This field is used to identify that you are in an ID field. 
The value of register 18, field identifier byte, (normally 
an FE) is expected in this field. 

FIELD LENGTH = 1 BYTE (fixed) 


(HEX 05) ID 

The ID information: CYL-HI, CYL-LO, HEAD and SEC- 
TOR NUMBER areas are stored in this field. 

FIELD LENGTH = 1 — 16 BYTES 
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(НЕХ 06) 10 ЕСС 


This field contains the CRC ог ECC bytes for the ID area. 
FIELD LENGTH = 1 — 8 BYTES 


(HEX 07) POST-ID 


This field should contain 005. It is required to ensure 
proper recording and recovery of the last bits of the ID 
CRC/ECC field. Оп write data operations, the WRITE 
GATE goes active at the end of this field. 

FIELD LENGTH = 1 — 4 BYTES 


(HEX 08) DATA READ SKEW 


On READ DATA operations, the READ GATE goes 
active at the end of this field. This field is intended to 
allow the PLO to skip over the write splice area before 
it begins trying to sync onto the read data. 

FIELD LENGTH = 1 — 64 BYTES 


(HEX 09) DATA PLO LOCK-ON 


The READ САТЕ goes active at this point. 
FIELD LENGTH = 1 — 4 BYTES 


(HEX 0A) PRE-DATA 


The search for ADDRESS MARK starts here. 
FIELD LENGTH - 1 — 64 BYTES 


(HEX 0B) DATA ADDRESS MARK 


See ID ADDRESS MARK 
FIELD LENGTH FOR HARD DISK = 1 BYTE 
FIELD LENGTH FOR FLOPPY - 3 BYTES 


(HEX ОС) F8 BYTE 
FIELD LENGTH = 1 BYTE (fixed) 


(HEX 0D) DATA LOW 
(HEX OE) DATA HIGH 


These two bytes define the length of the DATA FIELD 


. OD = Low Byte of DATA LENGTH 
OE - High Byte of DATA LENGTH 


FIELD LENGTH - 1 — 65,536 BYTES 


(HEX OF) DATA ECC 


See ID CRC/ECC field. 
FIELD LENGTH = 1 — 8 BYTES 


(HEX 10) POST DATA 


Data WRITES stop at the end of this field. 
FIELD LENGTH = 1 — 4 BYTES 


(HEX 11) INTER-RECORD GAP 


This field provides a separation between each sector to 
allow speed tolerances; write to read recovery time (time 
between deassertion of WRITE GATE and assertion of 
READ GATE) head switching time and controller de- 
cision making time between sectors and variations in 
detecting INDEX and SECTOR. 

FIELD LENGTH - 1 — 256 BYTES 


(HEX 12) SECTORS PER TRACK 


Write N-1 to this register 
FIELD LENGTH ғ 1 — 256 BYTES 


(HEX 13) ID START LOCATION 


This register is set to specify which internal register follows 
the FE register in the ID field. This register is set as shown 
below. 


ID Start Next Byte 

Value Following FE 

00 ҒЕ (causes FE to be used 
twice) 

01 CYLINDER HI (normal setting for hard 
disk) 

02 CYLINDER LO (normal setting for 
floppy) 

03 HEAD 

04 SECTOR 

05 SECTOR SIZE 





(HEX 14) ADDRESS MARK FIRST HALF 
(HEX 15) ADDRESS MARK SECOND HALF 


HEX 14 - The first half of the encoded ADDRESS MARK 

HEX 15 - The second half of the encoded ADDRESS 
MARK or the whole unencoded ADDRESS 
MARK when running in unencoded mode. 


ADDRESS MARKS are special bytes recorded at the 
beginning of each ID and DATA field. These bytes are 
unique and do not occur anywhere else on the disk. They 
are used to identify the exact beginning of the ID and 
DATA fields. These ADDRESS MARKS are made unique 
by violating the rules for encoding the data. 


When using MFM encoding, the ADDRESS MARK is an 
A1 data byte with one of the clock bits dropped. 


MFM CLOCK BITS. 
DATA BITS 


0000 
1010 


1110 
0001 


MFM ADDRESS MARK 

01000100: 10001001 = HEX 44 and HEX 89 
This bit has been dropped 

HEX 44 = First half in location HEX 14 

HEX 89 = Second half in location HEX 15 
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When using UM83C021 RLL encoding, the ADDRESS 
MARK is a 4B data byte with one of the bits dropped. 
This results in a unique pattern with 8 zeros in a row. 


, 4B 010 010 


RLL CODE FOR 4B 


RLL ADDRESS MARK 


In 27 RLL encoding, the maximum number of zeros 
in a row is 7. 


11 


000100 000100 1000 


000100 ӘМ? 1000 = HEX 10 апа HEX 08 | 
This bit has been dropped 


НЕХ 10 = First half in location HEX 14 
HEX 08 = Second half in location HEX 15 


(HEX 16) RECORDING CODE 


80 00 NRZ WRITE DATA 

40 01 NRZI WRITE DATA 
10 PULSE WRITE DATA 
11 

20 00 МЕ? READ DATA 

10 01 NRZI READ DATA 
10 PULSE READ DATA 
11 

08 000 UNENCODED 

04 001 FM 

02 010 MFM 
011 RLL 2/7 

01 Should be O 


(HEX 17) CLOCK DIVIDER 


Through the use of a PLO divider circuit, the disk controller 
chip is capable of controlling several devices that do not 
operate at the same data rates without requiring a separate 
PLO circuit for each. For example, the controller can 
operate a hard disk, a floppy disk, and a tape drive using 
only a single PLO running at 10 MHz or 15 MHz. If 
running a 15 MHz PLO for an RLL encoded hard disk, 
the controller is divided by 15 to run the tape drive and 
divided by 30 to run the floppy disk. 


The PLO divider can divide from 1 to 256. To divide 
by a number n, the number n-1 must be written into the 
Clock Divider at register address 17 hexadecimal. 


In order to improve PLO lock-on performance, the Clock 
Divider is synchronized to the first data pulse at the 
beginning of every read operation. 


Bytes that are written to or read from the UM83C021 
at RAM CLOCK speed are internally synchronized to 
the WRITE CLOCK. This synchronization can take up 
to 5 write clock cycles. During this synchronization, 
the CONTROLLER BUSY bit (Status Register bit 7) 
will be one. 


If additional bytes are written to or read from the chip 
during this synchronization, the results will be unpredic- 
table. 


When using a divided down clock, the length of time 
required for this synchronization may become significant. 
For example: when working with a 5-1/4 inch floppy, 
the disk clock would be 2 microseconds. The synchroniza- 
tion could take up to 5 x 2 = 10 microseconds. When 
designing your system, insure that reads and writes to the 
UM83C021 are always farther apart than 10 microseconds 
whenever the clock is divided down to a 2 microsecond 
period. This can be done by inserting extra instructions 
in the host program or Бу monitoring the CONTROLLER 
BUSY bit. 


(HEX 18) FE 

ID field identifier byte 

Write FE to this register. 

(HEX 19) F8 

Data field identifier byte. 

Write F8 to this register for hard disk or FB for floppies. 
(HEX 1A) SECTOR SIZE 


This byte follows the sector number in the ID field and 
is normally used with floppies — not with a hard disk. 


(HEX 18) SECTOR OPTIONS 


Тһе UM83C021 handles soft or hard sectored disks or 
ESD! disks using ESDI Address Marks. ESDI byte clock 
operation requires an external counter to create hard 
sector pulses. 


ВТ 7 102 = 0 
ВІТ 1 - 02 00 SOFT SECTORED 
BIT O = 04 01 -HARD SECTORED 


10 ESDI ADDRESS MARKS 
11 ESDI BYTE CLOCKS 


(HEX 1C) GAP VALUE 


Write 4E for MFM encoding 
Write 33 for RLL encoding 
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(HEX 1E) DIRECTION 


Bit 7 of the register is sent directly to the DIRECTION 
output pin. Writing a HEX 80 to this address will make 
the pin high; a HEX OO will make it low. This pin is used 
for direction control of 57506 drives ог for command 
data on ESDI drives. 


(HEX 1F) STEP 


Bit O of this register is sent directly to the STEP output 
pin. Writing a HEX 01 to this address will make the pin 
high; a HEX 00 will make it low. This pin is used for 
STEP CONTROL of ST506 drives or for TRANSFER 
REQUEST on ESDI drives. Auto-increment is disabled 
for this address because it must be written repetitively 
to create multiple STEP pulses at the drive interface. 


(HEX 38) CYLINDER HI 


This register contains the HI 8 bits of the cylinder number. 
The contents of this register and the next 3 registers are 
used for writing or searching for ID FIELDS on the disk. 


(HEX 39) CYLINDER LO 


This register contains the LO 8 bits of the cylinder number. 


(HEX 3A) HEAD 
This register contains the HEAD number. 


(HEX 3B) SECTOR 


This register contains the SECTOR number. Оп multi- 
sector operations, this register is incremented after each 
sector |5 read or written and may be read at address 07. 


(HEX 3С) TRANSFER COUNT 


This register contains the number of sectors desired for 
this command —1. On multi-sector operations, this 
register is decremented after each sector is read or written 
апа тау be read at address 06. 


(HEX 3D) HEAD SELECT 


When this register is written, the external SET HEAD pin 
strobes low to latch the head number from the data bus. 


(HEX 3E) DRIVE SELECT 


When this register is written, the external SET DRIVE 
pin STROBES low so that the external drive register can 
latch the drive number from the data bus. 


(HEX 3F) DISK OP 


Writing to this register starts or stops DISK READ or 
WRITE operations. The commands are listed below and are 
described in more detail in the DISK COMMAND section. 
00 STOP DISK OPERATION | 

80 NO-OP 


81 WRITE DATA 

82 READ DATA 

83 READ ID 

84 WRITE FIRST SECTOR 

85 WRITE NEXT SECTOR 

86 FORMAT WRITE INTERLEAVED 
87 FORMAT WRITE SEQUENTIAL 
88 READ DATA IMMEDIATE 

89 WRITE SECTOR IMMEDIATE 
8A WRITE GAP IMMEDIATE 

8B VERIFY DATA 

8C READ LONG 

8D WRITE LONG 


| 8b COMPUTE ERROR SHORT, CORRECTION SPAN 


5, 11 BITS 
ВЕ COMPUTE ERROR LONG, CORRECTION SPAN 
11,22 BITS 


(HEX 40) DATA TO/FROM DISK 


Data written to this register is serialized and sent as data 
to the disk. Writing to this register resets the DATA 
REQUESTED status bit (Bit 4). If data is not written 
fast enough to keep up with the disk, the OVERRUN/ 
UNDERRUN status bit (register 05 Bit 1) will be set. 


Read Register Address Descriptions 





Register Auto 

Address Inch 

Decimal Hex Hex Register 
0 00 80 Not used 
1 01 81 Not used 
2 02 82 Not used 
3 03 83 Not used 
4 04 84 Disk status 
5 05 85 Controller status 
6 06 86 Transfer count 
7 07 87 Sector number 





Data from disk 


* This address does not auto-increment 


Table 4. Read Register Addresses 


(НЕХ00 — HEX03) NOT USED 

(НЕХ04) DISK STATUS 

BIT 7 - DRIVE SELECTED/STATUS 1 (HEX 80) 
This bit has a dual role when controlling a Winchester drive. 


It indicates that a drive has been successfully selected. This 
pin directly reads the logic level of pin 27 on the chip. 
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ВТ 6 = READY/STATUS 0 (HEX 40) 


This bit also has a dual role. When controlling floppy 
and Winchester drives, it indicates that a drive is up to 
speed and ready for read or write. This pin directly reads 
the logic level of pin 21 on the chip. 


ВІТ 5 - SECTOR ADDRESS MATCH (HEX 20) 


This bit is set when a sector ID matches what was set into 
the Sector Address Registers during a read/write operation. 


BIT 4 = LAST SECTOR ON TRACK (HEX 10) 


This bit is set during the last sector of a track, (Sector # 
in ID field - Sector per track.) See Multi-Sector transfers. 


BITS 3 THRU 0 = FIELD COUNTER 


The FIELD COUNTER indicates what field is passing 
under the heads on a read or write. 


FIELD HEX FIELD LOCATION 

COUNT COUNT ON DISK 

0 00 |МТЕВ-НЕСОВО САР ог 
POST-INDEX GAP 

1 01 ID PLO LOCK-ON 

2 02 PRE-ID 

3 03. ID AM 

4 04 FE 

5 05 ID 

6 06 ID ECC 

7 07 POST-ID 

8 08 DATA READ SKEW 

-9 09 DATA PLO LOCK-ON 

10 ОА PRE-DATA 

11 0B DATA AM 

12 OC F8 

13 OD DATA 

14 OE DATA ECC 

15 OF POST-DATA 


(HEX 05) CONTROLLER STATUS 
BIT 7 - NO RECORD FOUND (HEX 80) 


Indicates that on a read or write, the controller has received 
two successive index pulses without finding an ID field 
that matched the Sector Address registers. Sector pulses 
are not input on the INDEX pin). 


BIT 6 - MISSING DATA AM (F8 MISCOMPARE) 
(HEX 40) 


This bit is set if the byte after the Data Address Mark does 
not match the contents of register 19, the Data Field Inden- 
tifier byte, indicating that a data field probably does not 
exist. 


ВТ 5 = ID ECC/CRC ERROR (HEX 20) 


When set indicates that a read/write sector to the addressed 
sector was found, but that the CRC/ECC was in error. 


BIT 4 » DATA ECC ERROR (HEX 10) 


When set indicates that a read of the addressed sector was 
found, but that the DATA field CRC/ECC bytes was in 
error. 


BIT 3 = DATA MISMATCH (HEX 08) 


Indicates that the Verify command has stopped with а 
data mismatch error. See Verify command. 


BIT 2 - DATA TRANSFER STOPPED 
(STOP RECEIVED) (HEX 04) 


Indicates that during a read or write the DMA-STOP pin 
was activated and that the transfer has stopped. 


BIT 1 » OVERRUN/UNDERRUN (HEX 02) 


Indicates that data was not transferred to or from the con- 
troller quick enough for the Serializer/Deserializer section. 


BIT 0 - NOT USED 


(HEX 06) TRANSFER COUNT 


This register contains the number of sectors remaining 
(including the current) for Multi-sector operations and it 
is decremented after each successful sector read or write. 


(HEX 07) SECTOR NUMBER 


This register contains the SECTOR NUMBER for the 
operation that the controller is currently performing. 
It is incremented after each multi-sector operation but 
is not incremented if an error occurs. 


(HEX 08) NOT USED 

(HEX 09) 56 BIT ECC SYNDROME BYTE 0 
(HEX 0A) 56 BIT ECC SYNDROME BYTE 1 
(HEX 0B) 56 BIT ECC SYNDROME BYTE 2 
(HEX 0C) 56 BIT ECC SYNDROME BYTE 3 
(HEX 00) 56 BIT ECC SYNDROME BYTE 4 
(HEX OE) 56 BIT ECC SYNDROME BYTE 5 
(HEX OF) 56 BIT ECC SYNDROME BYTE 6 


Disk Commands 


Writing to the COMMAND register at location 3F causes 
a disk operation to begin. All registers used in the disk 
operation should be set up prior to writing to the COM- 
MAND register. : 


(HEX 00) ABORT 


This command will immediately terminate any operation 
іп progress. 


(HEX 80) NO OP 


This command causes no disk operation. 
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(HEX 81) WRITE DATA 


This command writes data from memory into the data 
field of the sector whose address has been written into 
the sector address registers in the chip. Multi-sector writes 
are possible up to 256 sectors. 


(HEX 82) READ DATA 


This command reads the data field from the sector whose 
ID has been set into the registers on the disk controller. 
The data field is transferred to memory by ОМА. It тау 
optionally be transferred under program control if the 
disk speed is slow enough for the computer to keep up 
with it. Тһе F8 byte immediately following the data 
address mark is not transferred but is checked to assure 
that a data field is present. 


At the end of every sector transfer, the Transfer Count 
is checked. If it is zero, the operation stops. If it is non- 
zero, it is decremented, the sector number is incremented, 
and the next sector is read. This process continues until 
the Transfer Count goes to zero, the end of the track is 
reached, or an error occurs. 


The DMA data transfer may be stopped by having STOP 
go low during a DMA cycle (ACK low). If this happens, 
the disk controller will immediately cease data transfer 
and will halt the operation at the end of the current sector, 
In this case, the Transfer Count will not be decremented 
and the sector number will not be incremented. 


The residual Transfer Count and the sector number 
registers can be read to determine where to continue. 


(HEX 83) READ 10 


This command reads the next ID fields and ID ECC fields 
that are encountered on the disk or tape. It transfers 
both fields to memory. The ID ECC field is checked 
for errors. 


It can be used to establish track orientation on tape or 
disk. И can also be used in error recovery procedures to 
determine if the read-write heads are positioned over 
the correct track. 


(HEX 84) WRITE FIRST SECTOR 


This command begins writing at the Index Pulse and 
writes both ID fields and data fields. Information for 
the 10 field comes from the internal sector address 
registers. Information for the data fields is transferred 
from memory. 


Multi-sector writes can write up to 256 sectors. 


If this command is terminated by the transfer count going 
to zero, it stops writing at the end of the post-data field 
of the last sector. If this command is terminated by the 
sectors per track counter going to zero, it will continue 
writing the postdata field until the next Index Pulse is 
reached or until а Reset Command (00 ћехадесјтај) 
is received. 


This command can be used to format and write data to 
a track in a single operation. 


(HEX 85) WRITE NEXT SECTOR 


This command begins writing at the end of the post- 
data field of the sector whose address has been set 
into the internal sector address registers. It writes ID 
fields as well as data fields. It stops writing at the end 
of the post-data field when the transfer count goes to 
zero. 


Multi-sector writes can be done up to 256 sectors. 


This command can be used to repair the ID field of a 
damaged sector. 


(HEX 86) FORMAT INTERLEAVED 


This command is similar to the Format Sequential (See 
HEX 87) command. However, in this command the 10 
fields то be written on the disk come from memory 
rather than from Ше internal registers on the ID 
Numbers written are totally programmable and can be 
interleaved in any manner desired. 


For each sector written the disk controller will fetch all 
bytes of the ID field plus one byte of filler (usually a 
hexadecimal E5) for the data field. The hexadecimal 
FE byte immediately following the ID Address Mark 
is not fetched from memory but is written from the 
interna! register in the disk controller. 


For a typical hard disk format the ID field length would 
be 4, and the following 5 bytes would be fetched from 
memory for each sector. 


Cylinder High 

Cylinder Low 

Head 

Sector 

Data Filler Byte (usually E5) 


If the track is being formatted with 26 sectors, then 
a total of 5 x 26 - 130 bytes will be fetched from 
memory during the Format Interleaved command 
execution. 
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(HEX 87) FORMAT SEQUENTIAL 


This command is used to format a single track on a disk. 
It begins writing at index and continues writing to the 
next index. 1 writes all ID and data fields using the 
information set into the on-chip ID and DATA registers. 


ID Register — DataFiller Register 
Byte Address Byte Address 
CYLINDER HI HEX 38 DATA HEX 40 
CYLINDER LO HEX 39 
HEAD HEX 3A 
SECTOR SIZE HEX 1A 


After each sector is written, the sector number register 
is incremented by one and the track size register is decre- 
mented by one. When the track size register reaches 
zero, one last sector is written and the remainder of the 
track is written with zero. 


No data is transferred to or from memory during a format 
sequential command. k 


(HEX 88) READ DATA IMMEDIATE 


It differs in that when it is issued, the track orientation 
counters are reset to the post-index gap and the read 
operation begins there. It is intended primarily for use 
when controlling tape drives where there is no index 
pulse to establish position on the track. With this com- 
mand the microprocessor is responsible for maintaining 
track orientation. 


Data transfer occurs the same as with the Read Data 
command. Up to 256 sectors can be transferred with a 
single command. 


(HEX 89) WRITE IMMEDIATE 


Write immediate is a formatting type write in that it 
writes the ID field of each sector as well as the data field. 
It is intended primarily for use when controlling tape 
where there is no index pulse to establish track orienta- 
tion. When it is issued, the track orientation counters 
are set to post-index gap and WRITE GATE goes high 
immediately. 


ID field information is written from the interna! sector 
address registers. Data field information is transferred 
from memory. The sector number is incremented after 
every sector is written. Up to 256 sectors can be written 
with a single Write Immediate command. 


Writing stops at the end of the post-data field when the 
transfer count goes to zero. 


If Write Immediate is terminated by the physical sector 
count going to zero, the controller will continue writing 
the post-data field until it is stopped by the micropro- 
cessor issuing a Reset Command (00 hexadecimal) or 
until an Index Pulse is received. This allows tapes to be 


written with a long trailer gap after the last data block. 


(HEX 8A) WRITE GAP IMMEDIATE 


When the Write Gap command is issued, the track orienta- 
tion counters are set to post-index gap and the controller 
immediately begins writing zeroes. Writing continues 
until index is reached or until this command is terminated 
by issuing another command or a halt command. 


This command is intended primarily for writing header 
or trailer zero fields on tape. 


(HEX 8B) VERIFY DATA 


This command begins reading data from the disk at the 
addressed sector and comparing it to the data transferred 
from memory. If the disk data and the data from memory 
do not match, this command will terminate with the Data 
Mismatch bit set (Read Register 05 bit 3). 


(HEX 8C) READ LONG 


This command is used primarily for checking the ECC 
and CRC circuitry. It reads and transfers to memory the 
data field and data ECC field of the addressed sector. 


The ID ECC field and the data ECC field are checked and 
error latches are set if they are not correct. An error in 
the iD ECC field will not stop the data field from being 
transferred as it would with the Read Data command. 
However, an error in either ECC field will terminate a 
multi-sector Read Long at the end of the post-data field 
of the sector containing the error. | 


After using the Read Long command, the ECC Syndrome 
registers containing the ECC bits read from the disk 
instead of error bits. 


This command also allows the reading of records that 
were written by controllers that use different ECC or 
CRC generators. 


(HEX 8D) WRITE LONG 


This command is used primarily for checking the ECC 
and CRC circuitry. It writes from memory the data field 
and the data ECC field of the addressed sector. This 
command permits the creation of errors to assist in test- 
ing the error detection circuits. 


An error in the ID ECC field will not prevent writing to 
the addressed sector. 


(HEX ЗЕ) COMPUTE ERROR 


This command is used to compute ECC error. It's corr- 
ection span is 5 & 11 bits for 32 & 56 bits ECC. 


(HEX 8F) COMPUTE ERROR LONG 


This command is used to compute ECC error. It's corr- 
ection span is 11 and 22 bits for 32 and 56 bits ECC. 
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This section is devoted to the timing of signals and their are to be used as design tools when incorporating the 
relationship to each other in order to make the maximum 'UM83CO21 into your system. 
use of the UM83C021. The following tables and diagrams 
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From Changing Signal 


ACKNOWLEDGE RAMCLK NANOSECONDS 
ACKNOWLEDGE RAMCLK 


WRITE 
WRITE 


RAMCLK 
RAMCLK 


CHIP SELECT RAMCLK 
CHIP SELECT RAMCLK 


АО 
АО 


15 RAMCLK LO 
RAMCLK НІ 15 


NOTE THAT ALL THE ABOVE SIGNALS SHOULD CHANGE WHEN RAMCLK 15 HIGH AND BE 
STABLE WHEN RAMCLK IS LOW 


DATA (DO — D7) 2 RAMCLK НІ NANOSECONDS 


STOP 





6 RAMCLK HI 





Table 8. Set Up and Hold Time 


RAM CLOCK 


LAST BYTE 
TRANSFERRED 


DO TO 07 


Figure 4. DMA Data Transfer Cycles 
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ONE CYCLE 








DMA 


END OMA 


END DMA | 
READ 


WRITE 













WRITE | | 

| | | | | i | 
| ЗЕТ | | $ЕТ l 
CHIP SEL ! | REGISTER | | REGISTER REGISTER REGISTER ! STATUS ! | 
ADDRESS! | READ | | ADDRESS | WRITE | ВЕАО | 

! 

| | | | ! ! | | 

АО | | | 


Figure 5. DMA/CPU Interface Operation 
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Features 


m IBM PC/AT interface compatible 
m Jumper selectable for R LL/MFM disk interface 
ш 1:2 interleave 


General Description 


. ОМ83С022 is a component for Winchester disk controller 
interface applications. 11 is designed to attach two 5.0/7.5 
Mbit/sec MFM/RLL encoded 5Т-506 (ST-412) Winchester 
disk drives to ІВМ PC/AT compatible personal com- 


Pin Configuration 





ЕТУІ 


0М83С022 


АТ HDC Interface 


в Buffer size 4k bytes 
а Sector size 512 bytes 
ш 84-pin PLCC package 


puters. The controller implements the host interface 
and the command set compatible to the original ІВМ PC/ 
AT Disk Controller. UM83C022 supports the 4K-byte 
sector buffers, and track formats compatible to ІВМ PC/ 
AT hard disk formats. 
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Block Diagram 





20А0--7 


ZDABUS idis 2 

TRANS- БЕБА ROL, МАС 

СЕ! МЕВ RDH, WRH 
| MANAGER 


ZAB ~ 10 


10С516, 18014 
SAO ~2, SA9, ALE 
IOW, ТОВ 
RESETDRV 
ADDCS 
АСК, UMCCS 
UMCWR 
CONTROL ROUST 
CIRCUIT CMD, ROMCS 
2412 ~ 15, ALE 
| ZRD, ZWR 
TRANS EN245L, RESET 
CEIVER қ 245BDIR, 245BEN 
WDXFER, 8327 
W1F6 
IDX, SC, RDY, WF 


Мо 
REGISTER [NV ~ 
AND 
BUFFER 


CONTROL SIGNALS 


CLOCK 
DIVIDER 
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Absolute Maximum Ratings “ 





Power Supply Voltage, Vpp .......... —0.5 to +7.0V 
Input Voltage, аа олы —0.5V to Мрр t 0.5V 
Operating Temperature, Торт.......... —40 to +85°С 
Storage Temperature, Тото .......... —65 to +150°C 


DC Electrical Characteristics 


NUNTII NN 
Ve [оная — 
БЕКЕН БЕСІГІН 
ШЕГЕН 
ЕГЕ 






Output Low Voltage 
Output High Voltage 





AC Characteristics (Т, = 0°c to 70°С, Усс = 5V + 10%) 


Гэтэ | тшт ОСЗ 
Address setup to EN245L low ЖИІ 
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*Comments 


Stresses above those listed under "Absolute Maximum . 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


(TA = 0°C to 70°С, Veg = 5.0V + 10%) 


ЖЕ EN ки 
mcm АП others pin = OV 
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Symbol 
АВТО 





= 
— 
Tm 
о 


ZDAO ~ 7 


500 ~ 7 


IDX 


Nn 
Е 


RDY 


DAO ~ 7 


RAMCK 


z 2 5 
i О 

т 
E © 
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16) 
= 
=> 
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RESETDRV 
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I/O Description 


Address 10 for buffer address decoding. 
Write МО port 1F6H/176H to select hard disk drive. 
) 


Data (address) bus for translation among HOST interface, CONTROLLER, 
and BUFFER. 


1/0 








Мо System data bus provides bits O through 7 Тог РС bus. 






INDEX pin provided by drive to indicate the beginning of a track. 






This signal, seek complete, goes active when the R/W head settles on 
the desired track at the end of a seek command. 










Ready, when this signal and SC are active, it indicates the drive is ready 
to Read, Write, and Seek and the 1/О signals are ready. 






Write fault, the signal means an improper operation of the disk at the 
driver. 






I/O These signals are provided for 8031 to control the address and data used. 


Provides 30 МН? oscillation signal. 


This signal provides 10/15 MHz clock for UM83021 and 8031 to 
synchronize all CPU and DMA operations. 







This signal is used to identify MFM (high) or RLL (low) drive opera- 
tion. 











This signal is driven by the 8031 address decoder to indicate whether a 
register read or write is to be performed in the UM83C021. 


9М83С021 chip selection, this signal is driven by 8031's address port 
to enable the registers of the UM83C021 to be read or written. The 
address port is 4000H-5F FFH. 





Acknowledge, this signal is driven low to response UM83021 DMA trans- 
ferring request. 






This request signal is used in conjunction with the ACK signal for hand- 
shaking during the UM83C021 DMA transferring. 


4—83 














© 


шш 0М83С022 





Pin Description Continued): 


Symbol 
IRQ14 


IOCS16 


49-52 ЗАО ~ 3 
SA9 
ADDRCS ` 


248 ~ 10 


Interrupt request to HOST. 


Read 1/0 port 3F7H/377H control. 


This signal indicates the present operation is a 16-bit data transfer 


МО cycle. 


This signal latches the valid addresses from the HOST. 


This signal indicates the present operation is a 16-bit data transfer 1/0 ` 
cycle. 


Address chip select decoded from 5АЗ ~ 8. 


Local address bus from 8031 to be used as high-byte address and control 
pins. 


| оса! address latch from 8031. 
Looal write enable from 8031. 
(оса! read enable from 8031. | 


This signal is used to enable the external ROM of the 8031 from ООООН- 
1FFFH. 








54-60 


ZA12 ~ 15 


6 ZALE 





о» 
N 
2 
D 


eo 
оо 
N 
= 
О 


Мә = 


5 ROMCS 


WDXEER 


245BDIR 


This signal is used to interrupt the 8031 when the HOST issues the com- 
mand execution request. 


This signal indicates the 16-bit data transfer operation. 


Enables low-byte data bus to be transferred between the PC-BUS and 
UM83C022. 





This signal determines whether the data flow is from the high-byte buffer 
or from the low-byte buffer. 


This signal enábles the transfer between ZDAO ~ 7 and high-byte buffer. 
Write high-byte data to SRAM buffer. 


Read high-byte data from SRAM buffer, 
Write low-byte data to SRAM buffer. 


Read low-byte data from SRAM buffer. 
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75-84 АНО ~ 9 These signals аге provided for the external SHAM buffer addresses. 
1,21, 
42 GND Ground. 


« 
О 
О 


64 


Power supply +5V. 
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Functional/Register Description 


A. HOST CONTROLLER/DRIVE STATUS REGISTER (Read Only) 


This register specifies the status of the controller/drive. This register may be accessed by the HOST at any time, however, 
when the BUSY bit is set, no other bits in the register are valid. Also by reading this register, 1/О address 1F7H/166H, 


any pending interrupts to the HOST are cleared. 





Bit O ERROR: This bit is set when an error has occurred 
on the last command or power up diagnostics. The error 
code is stored in the buffer with address 27ҒОН and can 
be accessed by the HOST with 1/0 address 1F 1H. 


Bit 1 INDEX: This bit reflects the status of INDEX signal 
(I/P Pin 20) from the selected disk drive. This signal goes 
active once per revolution of the disk. This bit will not 
be set if the drive is not ready (i. e. if Bit 6 is reset). 


Bit 2 ECC CORRECTION DATA: This bit is set when- 
ever (on the previous read sector transfer) a sector read 
off the disk had a correctable ECC error which was cor- 
rected. 


Bit 3 DATA REQUEST: This bit is set for data transfer 
to/from the sector buffer. This includes both sector and 
ECC data. The controller is considered "busy" whenever 
the ОВО or BUSY L bits are set. 


B. HOST FIXED DISK REGISTER (Write Only) 


Bit 4 SEEK COMPLETE: This bit indicates the state 
of the Seek Complete signal (I/P Pin 22) from the selected 
disk drive. This bit is set when the drive is not seeking. 


Bit 5 WRITE FAULT: This bit reflects the state of the 
Write Fault Signal (I/P Pin 24) from the selected disk 
drive. When this bit is set, it indicates that the drive is 
unsafe for read/write transfer. 


Bit 6 READY: This bit reflects the state of the Ready 
signal (I/P Pin 23) from the selected disk drive. When 
this bit is set, the drive is present, but may not be ready 
for read/write transfer. 


Bit 7 BUSY: When this bit is set, the controller is execut- 
ing a command. Also, when this bit is set, the HOST 
may not read or write any other task files except the 
AT HOST CONTROLLER/DRIVE STATUS REGISTER. 


This fixed disk register is used by the HOST to contro! some of the internal functions. Its 1/О port address is 3F6H/376H. 





Bit 0, 4 — 7: Don't care. 


Bit 1 INTERRUPT ENABLE: This bit, when reset, enables 
the IRQ14 (Pin 45) output. When this bit is set, the IRO14 
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output is tri-state, regardless of the presence or absence 
of a pending interrupt. The internal signal and the status 
will still be valid. 





© ume 


Bit 2 SOFTWARE RESET: Writing a 1 to this bit will 
cause this ІС to be reset. The reset output will be asserted 
and will remain asserted until this bit is written back 
to 0. 





C. MICROCONTROLLER STATUS REGISTER (Read Only) 





0М83С022 


Ви 3 HEAD SELECT 3 ENABLE: When this bit is set, 
the Head Select 3 will be output by the local micro- 
controller. When this bit is reset, the Reduce Write Current 
will be output by the local microcontroller. 


This register is used to indicate the status of operation and drive for the microcontroller. It's 1/О address is 6000H. 






Bit 1 MFM or RLL mode: When set, it indicates the drive 
is a MFM recorded drive. 


Bit 4, 5 HEAD SELECT 3 ENABLE: These two bits are 
used to select the Head Select 3 or the Reduce Write 






ЕЕ ws ШЕСІ T S 





Ону | s | w | m 
Current Operation. The bit 4 reflects the bit 3 of host 
fixed disk register. 


Others are the same as the HOST CONTROLLER/DRIVE 
STATUS REGISTER. 


D. MICROCONTROLLER COMMAND REGISTER (Write Only) 


This register is used to control the data operation and sends out the status of the operation. Its 1/О address is 8000H sent 


from the microcontroller. 





Bit 0 ERROR: This bit indicates that a non-recoverable 
error has occurred. The error information is stored in 
the buffer and this bit is connected to the bit 0 of HOST 
CONTROLLER/DRIVE STATUS Register. 


Bit 1 ECC CORRECTION DATA: This bit is connected 
to the bit 2 of HOST CONTROLLER/DRIVE STATUS 
REGISTER as a report for the data correction. 


Bit 2 LONG: When this bit is set, it is used to indicate 
the Long Command for the read/write operation. This 
bit must be set before transferring data between Host 
and buffer for read/write LONG command. 


Bit 3 ACKNOWLEDGE RESET: This bit is used to set 


E. MICROCONTROLLER READ/WRITE 1/О PORT 


LN БЕСТЕН UR cm 5 qu JR [Be 2 - 
SBUSY SETINT SDROB DMAWRB CRESETB LONG CORD ERROR 


the Acknowledge signals for the read/write operations 
of the HDC. 


Bit 4 DMA READ/WRITE CONTROL: This bit is set 
for the read operation of HDC from the drive. When 
reset, it indicates a write operation of HDC to the drive. 

Bit 5 SET DATA REQUEST: This bit, when reset, sets 
the ОВО bit in Status Register. 

Bit 6 SET INTERRUPT: When changed from low to 
high, this bit is used to set the interrupt request to the 
HOST. 


Bit 7 SBUSY: This bit is used to set the BUSY bit of 
the HOST CONTROLLER/DRIVE STATUS REGISTER to 
indicate that the ИС is busy except when ОКО is asserted. ` 


Writing to the АОООН port will clear the bit 7 (BUSY) of the HOST CONTROLLER/DRIVE STATUS REGISTER if the 


SBUSY bit is reset. 


Reading from the АОООН port will generate a low-active pulse to initiate the buffer (SRAM) control signals. 
Writing to the COOOH port will reset the bit 3 (ОВО) of the HOST CONTROLLER/DRIVE STATUS REGISTER and clear 


the internal interrupt (1НО14) to the host. 


Writing to the ЕОООН port will set the bit 3 (DRQ) of the HOST CONTROLLER/DRIVE STATUS REGISTER. 
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Host Interface Timing 


DMA Read/Write Timing 
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Application Circuit 
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Application Circuit (Continued) 
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Circuit (Continued) 
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Application Circuit (Continued) 
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Симс | UM83C022 


B. AT Interface 1/О port 
Task file — primary ТРОН to 1F7H (Secondary 170H to 177Н) and 3F6H to 3F7H (Secondary 376H to 377H) 


0 0 0 0 0 


Read дата Write data 
(16 bits) (16 bits) 















Write precomp 
cylinder 









Error register 










Sector count Sector count 





Sector number Sector number 












Cylinder 
number low 


Cylinder 
number low 












Cylinder 
number high 


Cylinder 
number high 







SDH SDH 







Status Register Command register 






Fixed disk 
register 








Alternate status 
register 






Digital input 
register 





Not used 





C. Microcontroller Task File Read/Write Port 


| WX | READ PORT FUNCTION WRITE PORT FUNCTION 


write precomp register error register 
sector count sector count 


sector number sector number 


cylinder number low cylinder number low 


cylinder number high cylinder number high 
SDH SDH 


host command register not used 





D. Constraints 


The PC/AT HDC supports two ST-506/412 Winchester disk drives. The host bus has to be IBM PC/AT BUS or compatible. 
The BIOS command set must be compatible to the original BIOS of IBM PC/AT. If RLL encoded drive is used, the BIOS 
must also contain RLL drive type or user defined drive type. If running on network environment, it might not be com- 
patible to WD's HDC. | 
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Е Въз: UMS326/B 
Floppy Disk Data Separator (FDDS) 
` Features 
= Performs complete data separation for floppy disk m No critical adjustments required 
. drives m Compatible with Standard Microsystems' FDC 1791, 
в Separates FM or MFM-encoded data from any magnetic FDC 1793 and other floppy disk controllers 
media Ш Small 8-pin dual-in-line package 
m Eliminates several SSI and MSI devices normally used в +5 Volt only power supply 
for data separation в TTL-compatible inputs and outputs 


General Description 


The Floppy Disk Data Separator provides a low-cost package to save board real estate, the FDDS operates on 
solution to the problem of converting a single stream of +5 volts only and is TT L-compatible on all inputs and 
pulses from a floppy disk drive into separate clock and outputs. 


data inputs for a floppy disk controller. 


Тһе UM8326/B is available in two versions: The UM8326, 
The FDDS consists primarily of a clock divider, a long-term which is intended for 594" disks, and the UM8326B for 
timing corrector, a short-term timing corrector, and a re- both 5%” and 8” disks. 
clocking circuitry. Supplied in an 8-ріп dualin-Line 


Pin Configuration Block Diagram 


REFCLK 











CLOCK 


CDO DIVIDER 


CD1 






SEPCLK 








DATA/CLOCK 
SEPARATION 
LOGIC 


PULSE 
REGENERATION 
LOGIC 





SEPD 


EDGE 
DETECTION 
LOGIC 
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Absolute Maximum Ratings* 


Operating Temperature Range.......... 0°C to + 70°С 
Storage Temperature Range ........ —55°C to + 150°С 
Positive Voltage on any Pin, with respect to ground 

ПИ а у И ТТТ + 8.0V 


DC Electrical Characteristics 


INPUT VOLTAGE LEVELS 
Low Level Ми. 
High Level Мн 

OUTPUT VOLTAGE LEVELS 
Low Level VoL 
High Level Мон 

INPUT CURRENT 
Leakage ||| 

INPUT CAPACITANCE 
АП Inputs 

POWER SUPPLY CURRENT 


125 


AC Characteristics 


*Comments 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


(TA = ОС to 70°C, Мрр = +5V + 5%, unless otherwise noted) 


lo. = 1.6 mA 
іон = —100uA 


эы тш [= se [ш [ош ЕСТІСІН 


REFCLK Frequency 

REFCLK Frequency 

REFCLK High 

REFCLK Low 

REFCLK to SEPD “ОМ” Delay 
REFCLK to SEPD “OFF” Delay 
REFCLK to SEPCLK Delay 
DSKD Active Low 

DSKD Active High 


UM8326 
UM8326B 





4--97 





О ме 





UM8326/B 





Pin Description 


DSKD Disk Data 


SEPCLK Separated Clock 


REFCLK 
GND 


CDO 
CD1 


Reference Clock 
Ground 


Clock Divisor 


Separated Data 
Power Supply 


Operational Description 


A reference clock (REFCLK) of between 2 and 8 MHz is 
divided by the FDDS to provide an internal clock. The 
division ratio is selected by inputs CDO and CD1. The 
reference clock and division ratio should be chosen per 
table 1. 


The FDDS detects the leading edges of the disk data 
pulses and adjusts the phase of the internal clock to provide 


the SEPARATED CLOCK output. 


Table 1. 


Clock Divider Selection Table 














Drive 
(8" or 5%") 


Density 
(DD or SD) 








iir 


юз & со ВУ о +£ со со 


Data input signal direct from disk drive. Contains combined 
clock and data waveform. 


Clock signal output from the FDDS derived from floppy disk 
drive serial bit stream. 


Reference clock input 
Ground 


СОО and CD1 control the internal clock divider circuit. The 
internal clock is а submuitiple of the REFCLK according to 
the following table: 


CD1 


0 
0 
1 
1 


Divisor 
1 


2 
4 
8 


SEPD is the data output of the FDDS 
45 volt power supply 


Separate short and long-term timing correctors assure 
accurate clock separation. 


The internal clock frequency is nominally 16 times the 
SEPCLK frequency. Depending on the internal timing 
correction, the internal clock may be a minimum of 12 


times to a maximum of 22 times the SEPCLK frequency. 


The reference clock (REFCLK) is divided to provide the 
internal clock according to pins CDO and СО1. 


АП selectable 





O O 00000 
о =- O O — O — о 





4—98 





Соме | UM8326/B 


Timing Diagram (1) 





INTCLK 


SEPCLK | | | | 


always two internal clock cycles 





Timing Diagram (2) 





Typical System Configuration (57% Drive, Double Density) | 


4-MHz CRYSTAL 
OSCILLATOR 


REFCLK ____- REGENERATED DATA CLK 
FLOPPY Кок DATA |. _ е RAW READ 
DISK DSKD UMS326/B FLOPPY 
DRIVE DERIVED CLOCK DISK CONTROLLER 


SEPCLK 
соо CD? RCLK 


GND GND 





4—99 





UMIC 





UM8326/B 





Ordering Information 










4—100 

















САЛ 
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PRELIMINARY 


UM8388 


Single-Chip Floppy Disk 
Controller 





Features 


IBM PC XT/AT drive system compatible 
Supports 2 drives (MS-DOS support) 
1.44M/1.2M/360K/720K format selectable 
|ВМ PC drive system address decoder 

Only 4 components needed for the drive 


General Description 


The UM8388 is a VLSI Floppy Disk Controller (FDC) 
chip, which contains the circuitry and contro! functions 


for interfacing a processor with up to 2 floppy disk drives. - 


it is capable of supporting 360K Bytes, 1.2M Bytes {in 
Ба” diskette drives), 720K Bytes, and 1.44M Bytes, (in 
3%" diskette drives) FDDs using MFM coded, and double 
sided recording. UM8388 includes ап internal data 
separator, write precompensation, circuit address de- 
coder, timing control and other control logics. 11 simplifies 
design of a diskette drive System and only 4 components 
are needed in the IBM PC/AT drive system. 

Handshaking signals are provided in UM8388 which 





Pin Configuration 

VCC 1 REDUCED WRITE 
07 2 INDEX 

D6 3 MOTOR A ON 

D5 4 DRIVE B SELECT 
04 5 DRIVE А SELECT 
D3 6 MOTOR B ON 

D2 7 DIRECTION SELECT 
D1 8 STEP 

DO 9 WRITE DATA 

AEN WRITE GATE 

A9 TRACK 00 

АВ WRITE PROTECT 
A7 READ DATA 

A6 SIDE 1 SELECT 

А5 DISKETTE CHANGE 
A4 CLOCK IN 
A3 HDC 
A2 DRIVER TYPE 

А1 `САТЕ 245 
А0 DRIVE ОНООР SELECT 
RESET TC 

ова БАСК 

[OW IRQ 

IOA GND 





m internal write precompensation circuit: precompensation 
values: 250-125 ns 
= Internal data separator circuit 


в Supports 8", БИ“, and 3%" drives 


makes DMA operation easy to incorporate with the aid 
of an external DMA control chip. The FDC will operate 
in either the DMA or Non-DMA mode. In the Non-DMA 
mode, the FDC generates interrupts to the processor 
every time а data byte is available. Іп the DMA mode, 
the processor needs only to load the command into the 
FDC and all data transfers occur under control of the 
/9М8388 апа DMA controller. | 
Many diskette drive parameters аге programmable and a 
write-protection feature is supported. One interrupt 
level is used to indicate when an operation is completed, 
or а status condition requires the microprocessor's atten- 
tion. 





Block Diagram 


DISKETTE CHANGE 





ORIVER TYPE 
САТЕ 245 
CLOCK IN 
нос 


50 «БАТА BUS 
же Ege 


REDUCED WRITE ` 


WRITE 
PERCOMPENSATION | WRITE DATA 
CIRCUIT 
DATA 


83268 





VCO SYNC 


UMB272A 


FREAD DATA 


STD DATA DATA 
(у FOC SEPARATOR 


DATA 
до 
ADDRESS 
A9 = 
Drive e» DECODER 
GROUP SIDE SELECT 
SELECT 





WINDOW 
STEP 
DIRECTION 


WRITE GATE 


INDE X 
WRITE PROTECT 
"TRACK 00 


RESET 
DRIVE A SELECT 


RIVE В SELECT 
DIGITAL D 


сомтяо. | Моссорев 


PORT 


D CIRCUIT MOTOR A ON 


MOTOR B ON 
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Симс | | им8388 


Pin Configurations 












52 PIN PLASTIC LEADED CHIP CARRIER Е 99 
Е 5085 
Q 499 а 
ш m < 
= х S ul ш 5 
| сӘБЕЗ2Е 
ОЗЕРЕ 5655 
ПОП О ПТ 
02 765432] DIRECTION SELECT 
D1 STEP 
DO WRITE DATA 
АЕМ WRITE САТЕ 
А9 TRACK 00 
МС WRITE PROTECT 
АВ UM8388L-1 READ DATA 
A7 SIDE 1 SELECT 
A6 БІБКЕТТЕ CHANGE 
Аб CLOCK IN 
А4 TEST PIN 
A3 HDC 
A2 


DRIVER TYPE 


O) 








11111)! ЈЕ a =“ 
= о |- О оу Q rJ 
«2ugaBb2z2l P sok 
па- - 4 Ош 
а с-|ш 
с ош ЇЕ 
пк 
ш 
> (D 
C 
а 
68 РІМ PLASTIC LEADED CHIP CARRIER ш r Б 
т т Ч = > 
= ош ш О 
а «9 Я o 
ш а < 
ом ш ш tr 
op > > PË 
o GulSs O r or o O 
9953865>>2>02025 
ППС ППП 
8 7 5432 NC ` 
DIRECTION SELECT 
STEP 
WRITE DATA 
WRITE GATE 
TRACK 00 
WRITE PROTECT 
READ DATA 
SIDE 1 SELECT 
0М83881..2 Mie 
DISKETTE CHANGE 
CLOCK IN 
TEST PIN 
HOC 
DRIVER TYPE 
NC 
NC 
7 36 3738 
“YTTTTITTTTTTTTTUTU LIL и a 
оо орша Оооо ми осоо 
зо“ 
<<uz к Б 2 с222 Qaem 
ш сш 
с ші 
Ф |< 
> (6 
C 
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Соме UM8388 





Absolute Maximum Ratings* *Comments 

Operating Temperature .............. 0°С to +70°С Stresses above those listed under "Absolute Maximum 
Storage Тетрегаіше............. —55°С to +150°С Ratings" may cause permanent damage to the device. 
All Output Voltages .............. —0.5 to +7 Volts These are stress ratings only. Functional ‘operation of 


this device at these or any other conditions above those 


All Input Voltages indicated in the operational sections of this specification 


Ме A e -0.5 to +7 Volts 


Supply Voltage Мас .............. —0.5 to +7 Volts is not implied and exposure to absolute maximum rating 
Power Dissipation. ...................... 1 Watt conditions for extended periods may affect device re- 
liability. 


DC Electrical Characteristics (ТА = ОС їо +70°C, Vec = +5V + 5%) 









Vec supply current 


| . High level output 
LOH leakage current 
E | Output float leakage 
| OFL current 


AC Characteristics (Т, = 0°C to + 70°C, Vec = +5.0V + 10%) 
PROCESSOR WRITE CYCLE 


Озы | feme [= [ = 
[ww | ЕСС ООО | m 000 
[Гент dims НИ 
[ ww МС: pu wat 
















IRQ delay from [OW 1 мик 500 по“ 


PROCESSOR READ CYCLE 


Гог |. Pam 0000 
| t 
t 
t 
t 
t 














Седов — ae 
output floating delay from [OR t 


Note: *: The values are for 8 MHz clock rate, multiply timings by 2/1.67 when using 4/4.8 MHz clock rates. 


AR 
RA 
RR 
RD 
DF 
try 
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ОМА OPERATION* 


Озы — | — mman — [= | ме 
[ wes бе — — | — | x _ 
[non | оше 1 mm | — _ 
[ww | moren — — | 2 | 
[ wow | эво” | — | m= — 





















Terminal Count, Reset, Index 


12 us 
| Smb | Pamer || Мо | T | Me | 
index pulse width ИИН NE ТИ 
terminal count width Doo | 
[| Cas | o ceewinn | Яу [o | 














Notes: 
* : The values listed for ОМА operation are for 8 MHz clock rate, multiply timings by 2/1.67 when using 4/4.8 MHz clock rates. 
**: tcy is the clock rate of Drive System. : 





FDD INTERFACE 
| Min. 


њи | мөөө | ми [= T ми 








read data active time (low) 125/208/250 ns 
read data cycle time 







~ 1/1.67/2 ив" 





SEEK OPERATION*** 


ы | — mman | o] зе 
Оет [леше RN з 





за | 1 


Notes: 


* : The specified values are for 8/4.8/4 MHz respectively. 
***. The values listed for seek operation are for 8 MHz clock period, multiply timings by 2/1.67 when using 4/4.8 MHz clock rates, 
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Timing Waveforms 
Processor Read Operation Processor Write Operation 








DMA Operation 


Seek Operation 
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| umc UM8388 


Pin Description 


1~20 AQ ~ АО 


07 > 
RESET 








Power supply, connected to +5V power supply. 


Bi-directional — 8-bit data bus 


Input from ОМА — Address Enable. When this line is active (low) the ОМА соп- 
troller has control of the address bus. 


Input from processor — 10-bit Address Bus. 


Input from processor — places FDC in idle state. Resets output lines to FDD 
to “0” (low). Does not affect SRT, HUT or HLT in Specify command. 









Output to ОМА — DMA Request is being made by FDC when DRO = 717. 


Input from processor — Control signal for transfer of data to FDC via Data 
Bus, when “0”. 


Input from processor — Control signal for transfer of data from FDC to Data 


4 
2 Bus, when “0”. 


N 
ол 


GND Ground. Normally connected to +0V ground 


м 


-—— 


Output to processor — Interrupt request generated by FDC. 


э -- 


Input from ОМА — ОМА cycle is active when “0” (low) and controller is 
performing DMA transfer. 


~ 
м 


оо М N 


Input from DMA — Indicates the termination of a DMA transfer when "1" 
(high). It terminates data transfer during Read/Write/Scan command in DMA 
or interrupt mode. 


БАСК 


DRIVE GROUP 


The primary address will be applied when this signal is active high (3F X) 


SELECT The secondary address will be applied when this signal is low (37 X) 


GATE 245 
DRIVER TYPE 





Output low to enable the extra 7415245 Buffer on data bus. 


= 


Output low to enable the extra disk drive type port. It's address is 3F 1. 


Set this input to low, when your system has a hard disk control card. Otherwise, 


x HDC set this input to high. 
CLOCK IN 24 MHz clock input. 






DISKETTE input from FDD — This input is high when a diskette is present again and a step 


34 


CHANGE pulse is issued from FDC. 
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Pin Description (Continued) 


== е е — 
35 


Output то FDD — This output is active (high) for the upper head. Otherwise, 
the lower head is selected. 






SIDE 1 SELECT 


—— I M 


BEAD DATA Input from FDD — Each bit detected provides a 250 ns (4 MHz), 208 ns (4.8 


MHz), 125 ns (8 MHz) active (low) pulse on this line. 






Input from FDD - This input is active low when a diskette with a write protect 
notch is inserted. 






WRITE PROTECT 


сә 
ч 








input from FDD — This signal is low when the upper head is on Track 00 
(the outermost track). 





Output to FDD — An active high level of this output enables the write current 
circuits, and the Write Data output controls the writing of information. 


сә 
© 


WRITE GATE 
WRITE DATA 


ЕЖ 
DIRECTION 
SELECT 






Output to FDD — A 125 ns (8 MHz), 208 ns (4.8 MHz), 250 ns (4 MHz) pulse 
on this output causes a bit to be written on the disk if Write Gate is active. 







TRACK 00 "n 












Output to FDD — An active high pulse causes the read/write heads to move in 
the direction determined by the “direction select” signal. Motion is started each 
time the signal changes from an active to inactive level (at the trailing edge of 
the pulse). 


Output to FDD — This signal determines the direction the read/write head 
moves when the step signal is pulsed. A low level indicates away from the 
center of the diskette (out); a high level indicates toward the center of the 
diskette (in). 





A 
~ 


3 Q2 








Output to FDD — The spindle motor B runs when this input is active. The 
drive requires а 1 sec (high density)/750 ms (double density) delay ‘after 
"motor on'' becomes active before and after the trailing edge of the step pulse. 


MOTOR B ON 
DRIVEA 
SELECT 
DRIVE B 
SELECT 


MOTOR A ON В 





Output to FDD — When "Drive А Select" is at the active level, drive A is 
enabled. When it is at the inactive level, all drive A outputs are disabled. 





Output to РОО — When “Drive B Select" is at the active level, drive B is 
enabled. When it is at the inactive level, all drive B outputs are disabled. 












Output to FDD — The spindle motor A runs when this input is active. Drive 
A requires а 1 sec (high density)/750 ms (double density) delay after "motor 
оп” becomes active before and after the trailing edge of the read or write 
Operation. 





Input from FDD — A low pulse appears on this line to indicate the beginning of 
a disk track when the drive senses the index hole in the diskette. 


I 






INDEX . 






Output to FDD — The inactive state low of this signal indicates that high-density 
media is present, requiring normal write currents, and the active state high 
indicates low-density media is present, requiring a reduced write current. 


REDUCED 
WRITE 
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Register Description 
1. Digital Output Register (IO write 322, 372) 


The digital output register (DOR) is an output-only register controlling drive motors, drive selection, and feature 
enable. All bits are cleared by the 1/О interface reset line. The bit definitions are as follows. | | 


Reserved 

Drive B Motor Enable | 

Drive A Motor Enable 
Enable Diskette Interrupts and DMA 


Diskette Function Reset — Diskette function reset when this bit is low ('O'). 


Drive Select — A'O'on this bit indicates that drive А is selected. 





2. Digital Input Register (IO read 3F7, 377) 


The digital input register is an 8-bit, read-only register used for diagnostic purposes. The following are bit definitions 
for this register. | 


Diskette Change . 
Apply to the currently selected fixed disk drive 


3. Transfer Rate Register (Diskette Control Register) (IO write 3F7, 377) 


The transfer rate register is a 2-bit, output-only register which controls a programmable divider and provides 
8М/4.8М/4М Hz clocks for three different data transfer rates. Тһе definition is given as follows: 





500K bps 8 MHz 0 
300K bps |... 4.8 MHz 1 
250K bps 4 МН? 1 
reserved reserved 1 


Those bits in the main status register are defined as follows: 





4. Main Status Register (IO read 3F4, 374) 












Bit 7 Request for master (ROM) — Тһе data register is ready to send or receive data to or from the 
| 
processor. 


Data Input/Output (DIO) — The direction of data transfer between the diskette control and the 
І Р 
ргосеѕѕог. 


| Non-DMA Mode (МОМ) — The diskette controller is in the non-DMA mode. 
Diskette Control Busy (CB) — A Read or Write command is being executed. 


Diskette Drive B Busy (DBB) — Diskette drive B is in the seek mode. 
Diskette Drive A Busy (DAB) — Diskette drive A is in the seek mode. 
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5. Diskette Data Register (IO read IO write 3F5 375) 

This 8-bit data register actually consists of several registers in a stack and only one register is presented to the data 
bus at a time when storing data commands, and parameters, or providing diskette-drive status information. 
6. Fixed Disk Status Register (IO read 1F7, 177) 


The contents of this 8-bit fixed disk status register are checked when system BIOS executes self-test. This register 
is enabled when PC system has no Hard Disk Control card and bit 7 is of this register is fixed to 1 (high). This register shall 
be disabled when PC system has a Hard Disk Control card. 


Table А-1 The 1/0 addresses of these five registers mentioned above are given in the following: 


Digital output register 
Main status register 
Diskette data register | Diskette data register 
Digital input register Transfer rate register 





*: Fixed disk function 


Application Notes 
A: General Description 


The UM8388 сап be easily implemented into a FDC card or a main board and only 4 components (UM8388, 7406*2 
74LS245*1) are needed in the ІВМ PC/AT drive system. The address decoder of UM8388 is switchable Бу setting pin 29 
(Drive group select) of UM8388. If pin 29 is set to 1 (high), then the I/O address of the UM8388 is selected in the primary 
drive group address (3F 1 ^ 3F7, 1F7). The contents of the UM8388 Hard Disk Status Register will be checked when system 


BIOS executes selftest. This register's bit 7 should be high by setting pin 32 to high when the PC system has no Hard Disk 
Control card, otherwise the register's bit 7 should be low by setting pin 32 to low. 


B: PC/AT Application 


The UM8388 registers are the same as the PC/AT floppy disk controller's. Therefore, the UM8388 сап be directly 
implemented into the FDC card of the PC/AT to support 1.2M, 720K, 360K 1.44M Bytes FDD and only 4 components 
(UM8388* 1, 7406*2 7415245) are needed. The application circuit is shown as Figure А-1. 


C: PC/XT Application 


If the UM8388 is used to support 1.44M, 12M, 720K, 360K Byte FDD in the PC/XT an additional ЕОС program 
is needed to contro! the 1.44M, 1.2M Bytes F DD since the PC/XT BIOS doesn't support the 1.2M, 1.44M Byte FDD. During 
the РОО operation, this additional BIOS reads the contents of the UM8388 Drive Type Register set by pin 31, thus selects 
the drive to be 144М, 1.2M, 360K or 720K. 


4—109 








0М8388 





со 


Ф 





OLN 














апо26 элар Амина :,|, = САГ» 
tuejs^s u! QOH УПОЧИМ :,1, -14Г» 
ТЕ OON 
ЕЕ K ZHIN га 
68 250 

= 
Tr стт а= БИЯ 
i c x ТР ТЕЗ = 
тет т ут == ү еы 
1022-2271 тыл Тл г 
Т лт Т 12223202: 
ГВ == == ее еу — 
КЁ =ош ле улус е ле ы, и 
бт о о гт 
LEE ENIM И НИЕ 
[р i iii ресе 
(т ту с=т тч 
СОГ УУ с л л = 
Hl a ee ee l 

PO a л 

Ва: aa 

Du I 

ГЕ 7 = 

eee ee 

с 


1018 Эа 


128 
928 
268 
via 
518 

98 

28 
Lev 
05% 
66v 
82У 
Lev 
927 
82У 
vov 
ЕСУ 
ДАЈ 
uv 


ev 
ЕУ 
vv 
Sv 
9v 
Lv 
8v 


ev 


Figure A-1 PC/AT (1.44M, 1.2M, 720K, 360K FDD) Application Circuit 
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Figure А-2 РС/ХТ BIOS ROM Circuit 
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Ordering Information 


Operating 


UM8388 ! 48L DIP 
UM8388L-1 521 PLCC 
UM8388L-2 | 681 PLCC 
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UMIS | UM8397 
Single-Chip Floppy Disk 








Features 


(ВМ PC XT drive system compatible 

Supports 2 drives (MS-DOS support) 

360K/720K format selectable 

ІВМ PC drive system address decoder 
Only 3 components for the drive 


General Description 


The UM8397 is a VLSI Floppy Disk Controller (РОС) 
chip, which contains the circuitry and control functions 
for interfacing a processor with up to 2 floppy disk 
drives. It is capable of supporting 360K Bytes (in 5%” 
diskette drives) and 720K Bytes (іп 3%” diskette drives) 
and includes FM/MFM-coded, double sided recording. 
Тһе UM8397 provides the circuitry which includes the 
internal data separator, write precompensation address 
decoder, timing control and other control logic. |t 
simplifies design of the diskette drive system and only 
3 components are needed in the ІВМ PC XT drive 
system. | 

НапавһаКіпа signals аге provided in the UM8397 which 


Pin Configurations 


Vcc 1 NC 

D7 2 1МрЕХ 
06 3 MOTOR A ON 
D5 4 DRIVE B SELECT 
D4 5 DRIVE A SELECT 
D3 6 MOTOR B ON 
D2 7 DIRECTION SELECT 
D1 8 STEP 

. DO 9 WRITE DATA 

AEN WRITE GATE 
А9 ТНАСК 00 
АВ WRITE РВОТЕСТ 
А7 READ DATA 
A6 SIDE 1 SELECT 
А5 МС 
А4 CLOCK IN 
AS3 NC 
A2 NC 
A1 NC 
AO DRIVE GROUP SELECT 

RESET TC 

DRO РАСК 

ГОМ/ IRQ 

IOR GND 





Controller 


в |nternal write precompensation circuit; precompensation 
values: 250 ns 

8 interna! data separator circuit 

m Supports 8", БИ“, 3⁄2" drives 


makes DMA operation easy to incorporate with the aid 
of an external DMA control chip. The FDC will operate 
in either the DMA or Non-DMA mode. In the Non-DMA 
mode, the FDC generates interrupts to the processor 
every time a data byte is available. In the DMA mode, 


the processor needs only to load the command into the 


FDC and all data transfers occur under control of the 
0М8397 and ОМА controller. 

The diskette drive parameters are programmable and the 
diskette drive's write-protect feature is supported. An 
interrupt level is used to indicate when an operation is 
complete and that a status condition requires micropro- 
cessor attention. 


Block Diagram 


CLOCK IN 


00 DATA BUS 





WRITE 
WRIT 
PRECOMPENSATION PITE DATA 
CIRCUIT 
DATA 


VCO SYNC | 83268 
REAO DATA 


DATA 
STD DATA 
SEPARATOR 
(М uMa2724 гаад 
WINDOW 
FOC 

" БЕТР 

дў ADDRESS 3 DIRECTION 
E сонинд WRITE САТЕ 

SIDE 1 SELECT 
__——————— 
GROUP WE 
SELECT WRITE PROTECT 
TRACK 00: 
RESET 

те 

оға DRIVE A SELECT 

DACK 

ол DRIVE B. SELECT 

= виз DIGITAL 

ioR CONTROL КЗК А CONTROL ЇЇ ОЕСОООЕН MOTOR A ON 

iow CIRCUIT PORT 

AEN MOTOR B ON 


RESET 


4-113 














UMC 


[ 


0М8397 





Pin Configurations 


44 PIN PLASTIC LEADED CHIP CARRIER 


| |ОВ!МЕ B SELECT 
| |DRIVE A SELECT 


z 
б 
< 
а 

x С 
Е 
О 
> 

Ж 









от | р MOTOR В ОМ 
00| [в 38| | DIRECTION SELECT 
AEN| | 37| |STEP 
A9| По 36| |WRITE DATA 
АВ! Їл | [WRITE GATE 
А7| 2 UM8397 за | | TRACK 00 
A6| из WRITE РНОТЕСТ 
АБ] | 32| | READ DATA 
А4| | 31] ]SIDE 1 SELECT 
A3| | зо| | сгоск им 
А2 |17 291 | МС 
2 
A E U UU ET ен 
-- о а о м о 
< q 5 € 5 É Z = Pg 
o о = = о - [< шщ 
ш а T" 
ш 9 
о. 
= 
О 
fr 
О; 
ш 
> 
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лута 0М8397 
Absolute Maximum Ва по“ *Comments 
Operating Temperature .............. 02С to 470?C — Stresses above those listed under 'Absolute Maximum 
Storage Temperature............. —55°С to +150°С Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
АП Output Voltages .............. -0.5 to +7 Volts this device at these or any other conditions above those 
All Input Voltages ............... —0.5 to +7 Volts indicated in the operational sections of this specification 
Supply Voltage Veg .............. -0.5 to +7 Voits is not implied and exposure to absolute maximum rating 
Power Dissipation....................... 1 Watt conditions for extended periods may affect device re- 
| liability. 


DC Electrical Characteristics (T, = 0°C to +70°C, Vec = +5V + 5%) 


omo өөө 000 








j 2.0 
i 2.4 
Vcc Supply current 


ViL 

Vin Input high voltage 

VoL 

Vou Output high voltage 
| tee | —VecsuPPlveurent | 

lu Input leakage current (ШЕ 

High level output 

| 0 А МА = М 
ЕМЕ 1 —— | 

| Output float leakage 

OFL current 


AC Characteristics (Тл = О°С to + 70°C, Усс = +5.0М + 10%) 
PROCESSOR WRITE CYCLE 




















WD data hold from ТОМ 7 
twi IRQ delay from IOW 1 


PROCESSOR READ CYCLE 


Озы [ тшт — 


tor output floating delay from TOR t 10 ns 


IRQ6 delay from ТОВ 1 


Note: *: The values are for 4 МН? clock rate. 



















tni 
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ОМА OPERATION* 


ТИИ ИИ 








index pulse width 


terminal count width 










ше ПО 
Е ООО шин 
[wey ОЕ СООО | f w 
ПЕТЯ ПО ee 












[owe ШЕСІ! ООН te 
Notes: 


* . The values listed for ОМА operation are for 4 MHz clock rate. 
**: tey is the clock rate of Drive System. 
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Pin Description 


Power supply, connected to +5V power supply. 


Bi-directional — 8-bit data bus 


Input from ОМА — Address Enable. When this line is active (low), the ОМА 
controller has control of the address bus. 


ER Input from processor — 10-bit Address Bus. 
Input from processor — places FDC in idle state. Reset output lines to FDD 
RESET to "0" (low). Does not affect SRT, HUT ог HLT in Specify command. 






ы — 
$ 
о 
e 
О 
х 





? 
N 
© 
> 
© 

{ 
> 
© 
















N 


Output to DMA — DMA Request is being made by FDC when DRQ = "1". 


Input from processor — Control signal for transfer of data to FDC via Data 
Bus, when 707". 


Input from processor — Control signal for transfer of data from FDC to Data 
Bus, when “0”. 


оо 


O 
= 
О 


Ground. 


Output to processor — Interrupt request generated by FDC. 


i 


О 
> 
О 
А 


Input from ОМА — DMA cycle is active when “0” (low) and controller is 
performing DMA transfer. 


N мм № N N № 
N о | т A > 


Input from DMA — Indicates the termination of а DMA transfer when “1” 
(high). It terminates data transfer during Read/Write/Scan command in DMA 
or interrupt mode. 


DRIVE GROUP 
SELECT 


07-32 
34, 48 
CLOCK IN 


SIDE 1 
SELECT 


READ DATA 


The primary address will be applied when this signal is active high (3F X). 
The secondary address will be applied when this signal is low (37 X). 


N 
sael 8 
11 

С) 


Мот соппестей. 


4 MHz clock input. 


Output to FDD — This output is active (high) to the upper head. Otherwise, 
the lower head is selected. 


Input from FDD — Each bit detected provides a 250 ns (4 МН?) active (low). 
pulse on this line. 


$ 









Input from РОО — This input is active low when a diskette with a write protect 
notch is inserted. 


WRITE 
PROTECT 


TRACK 00 
WRITE 
GATE 


Input from FDD — This signal is low when the upper head is on Track 00 
(the outermost track). 


Output to FDD — An active level of this input enables the write current circuits, 
and the Write Data input controls the writing of information. 
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Output to FDD - A 250 ns (4 MHz) pulse on this output causes a bit to be 
written on the disk if Write Gate is active. 







Съм Те 
WRITE DATA H 
STEP В 


DIRECTION 
SELECT 





Output to FDD — An active pulse causes the read/write heads to move in the 
direction determined by the "direction select" signal. Motion is started each 
time the signal changes from an active to inactive level (at the trailing edge of 
the pülse). 













Output to FDD — This signal determines the direction the read/write head 
moves when the step signal is pulsed. A low level indicates away from the 
center of the diskette (out); a high level indicates toward the center of the 
diskette (in). 











Output to FDD — The spindle motor B runs when this input is active, The 
drive requires a 1 sec (high density)/750 ms (double density) delay after 
"motor on'' becomes active before and after the trailing edge of the step pulse. 














Output to FDD — When "Drive A Select” is at the active level, drive A is 
enabled. When it is at the inactive level, all drive A outputs are disabled. 


DRIVEA 

DRIVE B 

MOTOR A 
JE 


Register Description 
1. Digital Output Register (IO' Write 3F2, 372) 










Output to FDD — When "Drive B Select” is at the active level, drive B 15 
enabled. When it is at the inactive level, all drive B outputs are disabled. 










Output to FDD — The spindle motor A runs when this input is active. Drive 
A requires а 1 sec (high density}/750 ms (double density) delay after “motor 
оп” becomes active before and after the trailing edge of the read or write 
operation. 














Input from FDD - A pulse appears on this line to indicate the beginning of a 
disk track when the drive senses the index hole in the diskette. 






The digital output register (DOR) is an output-only register used to control drive motors, drive selection, and feature 
enable. All bits are cleared by the 1/О interface reset line. The bit definitions are as follows. 


Reserved 

Reserved 

Drive B Motor Enable 

Drive A Motor Enable 

Enable Diskette Interrupts and DMA 

Diskette Function Reset — Diskette function reset when this bit is low ('O'). 


Drive Select — А.О” on this bit indicates that drive А is selected. 


4—118 














































ым 


(1 





0М8397 





2. Digital Input Register (IO Read 3Е7, 377) 


The digital input register is an 8-bit, read-only register used for diagnostic purposes. The following are bit definitions 
for this register. 





Bit 7 Diskette Change | 
Bit 0-6 






Apply to the currently selected fixed disk drive 





3. Main Status Register (IO Read 3F4, 374) 


The bits in the main status register are defined as follows: 





Bit 7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit 2 
Bit 1 





Request for master (ROM) 





— The data register is ready to send or receive data to or from the processor. 
Data Input/Output (DIO) — The direction of data transfer between the diskette control and the processor. 
Non-DMA Mode (NDM) — The diskette controller is in the non-DMA mode. 

Diskette Control Busy (CB) — A Read or Write command is being executed. 

Reserved 

































Reserved 
Diskette Drive B Busy (DBB) — Diskette drive B is in the seek mode. 
Diskette Drive A Busy (DAB) — Diskette drive A is in the seek mode. 















4. Data Register (10 read/write 3F5, 375) 


The 8-bit data register which actually consists of several registers in a stack with only one register presented to the 
data bus at a time stores data, commands, and parameters, and provides diskette-drive status information. 





Table А-1 The 1/0 addresses of the UM8397 registers 

















3F2 372 Digital output register 
3F4 |. 374 Мат status register 

3Fb 375 Diskette data register Diskette data register 
3F7 377 Digital input register | 






*: Fixed disk function 


Fixed Disk Status register * 





Command Descriptions 


There are 15 separate commands which the UM8397 will execute. Each of these commands requires multiple 8-bit 
bytes to fully specify the operation which the processor wishes the FDC to perform. The following commands are available: 


READ DATA SENSE INTERRUPT STATUS 
FORMAT A TRACK SPECIFY 

SCAN EQUAL SENSE DRIVE STATUS 
SCAN LOW OR EQUAL SEEK 

SCAN HIGH OR EQUAL READ DELETED DATA 
RECALIBRATE WRITE DELETED DATA 
READ ID READ A TRACK 

INVALID 


. The format of these commands is the same as UM8272A. The ОМВ397 also has two registers to which the main system pro- 
cessor has access: a status register and a data register just the same as the UM8272A. The track stepping rate, head load time, 
and head unioad time may be programmed by the user. The UM8397 offers many additional features such as multiple sector 
transfers in both read and write with a single command, and full IBM PC XT compatibility in both double and high 
density models. 
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Symbol 


Address Line O AO controls selection of Main Status Register (AO = 0) or Data Register (AO = 1). 


Cylinder Number а Да for the current/selected Cylinder (track) number О through 76 of the 


Data D stands for the data pattern which is going to be written into a sector. 


8-bit Data Bus, where D7 stands for the most significant bit, and DO stands for 


> 
о 


07-00 Data Bus 





the least significant bit. 


DTL Data Length When N is defined as 00, DTL stands for the data length which users are going 
to read out or write into the Sector. 


EOT stands for the final Sector number on a Cylinder. During Read or Write 
ce ROO GEN KACK operation FDC will stop data transfer after a sector # egual to EOT. 





GPL stands for the length of Gap 3. During Read/Write commands this value 
determines the number of bytes that VCOs will stay low after two CRC bytes. 
During Format command it determines the size of Gap 3. 






С) 
"D 
- 


Gap Length 


Head Address H stands for head number O or 1, as specified in ID field. 


HD stands for a selected head number O or 1 and controls the polarity of pin 


Head 27. (Н = HD in all command words.) 


X 


HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms increments). 
; HUT stands for the head unload time after a read or write operation nas 

HUT Head Unload Time occurred (16 to 240 ms in 16 ms increments). 

MF FM or MFM Mode If MF is low, FM mode is selected, and if it is high, MFM mode is selected. 


if MT is high, a multi-track operation is to be performed. И MT = 1 after 
Multi-Track 


finishing Read/Write operation on side 0 РОС will automatically start searching 
for sector 1 on side 1. 





Number N stands for the number of data bytes written in Sector. | 


< 


МСМ stands for а new Cylinder number, which is going to be reached as а 


NON New Cylinder Number result of the Seek operation. Desired position of Head. 


Non-DMA Mode ND stands for operation іп the Non-DMA Mode. | 
PCN Present Cylinder PCN stands for the Cylinder number at the completion of SENSE INTERRUPT 
, Number STATUS Command. Position of Head at present time. 


Record В stands for the Sector number, which will be read or written. 


R/W Read/Write R/W stands for either Read (R) or Write (W) signal. 


Sector SC indicates the number of Sectors per Cylinder. 
Skip SK stands for Skip Deleted Data Address Mark. 


SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms incre- 
ments.) Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.) 


22) 


А 


5 












SRT Step Rate Time 






ST 0-3 stand for one of four registers which store the status information after 













STO Status 0 a command has been executed. This information is available during the result 
511 Status 1 phase after command execution. These registers should not be confused with 
ST2 Status 2 the main status register (selected by AO = 0); ST 0-3 may be read only after a 
513 Status 3 command has been executed and contains information relevant to that par- 
ticular command. 
During a Scan operation, if STP = 1, the data in contiguous sectors is compared 
STP byte by byte with data sent from the processor (ог ОМА); and if STP = 2, 


then alternate sectors are read and compared. 


USO, US1 Unit Select US stands for a selected drive number O or 1. 
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Table 1. UM8397 Command Set 


EN Remek: n ТЭВЭР 
р, р, р, р, р, р, р, р, р, р, р, р, р, р, D, D, 
















READ DATA READ A TRACK 
Command Codes Command| W |O MF SK 0 0 0 1 0 [Command Codes 












X X X X XHDUSIUSO 





Sector ID informa- 
tion prior to Com- 
mand execution. 


Sector ID informa- 
tion prior to Com- 
mand execution. 
Тће 4 bytes аге 
commanded against 
header on Floppy 
Disk. 
Data-transfer 
between the FDD 
and mainsystem., 
Status information 
after Command 
execution. 

Sector 10 informa- 
tion after Com- 
mand execution. 









22222222 
22222222 








Data-transfer 
between the FDD 
and mainsystem. 
FDC reads all data 
fields from index 
hole to EOT. 
Status information 
after Command 
execution 

Sector ID informa- 
tion after Com- 
mand execution. 


Execution 

















Result 







202070 2020 20 2 






222222 








Command | УУ 1 O 1 О [Command Codes 

уу X X HD US1USO 
The first correct ID 
Information on the 
Cylinder 15 stored іп 
Data Register. 


Execution 
commanded against 
header on Floppy 
Disk. 

Data-transfer 





22222222 















Execution 


Result 


R Status information 
R after Command 

R ој — | execution. 

Е -----------(----------|5есіог ID informa- 
R 
R 









Result 






tion read during 
Execution Phase 
from Floppy Disk. 






Sector ID informa- 
tion after Com- 
mand execution. 









2222020202) 



















Bytes/Sector 



















MTMF 0 O O 1 O 1 Sectors/Track 
X X X X XHD US I 050 ap 
— — Filer.Byte 






Execution FDC formats an 
entire track 

Status informa- 
tion after Com- 
тапа execution 

In this case, the 10 
information has no 






















Result 





commanded against 
header on Floppy 
Disk. 
Data-transfer 
between the FDD 


222222222 











Execution 








Result 













1 O O O 1 
X X X X X HDUSI USO 









22220202 







mand execution. 






0 
X X X X 


100 1 
X HD US1USO 





22222222 








Data-compared . 
between the FDD 
and main-system. 
Status information 
after Command 
execution. 

Sector ID informa- 
tion after Command 
execution. 


Execution 























The 4 bytes are ` 
commanded against 
pester on Floppy 


Result 












Execution 






between the ЕОО 
and mainsystem. 
Status information 
after Command 
execution. 

Sector ID informa- 
tion after Com- 
mand execution. 


2222222 




















Result 










290 29 20 202020 Z0 


Note: 1 A, should equal binary 1 for all operations. 
2 X = Don't care, usually made to equal binary О. 
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Table 1. UM8397 Command Set (Continued) 


| D Шан” 
LAE FEN em Databus NP 
D, D, D, D, D, D, D, D, D, D, D, D, D, D, D, D, 


SCAN LOW OR EQUAL RECALIBRATE 


MTMF SK 1 Command W О 0 0 1 1 1 [Command Codes 
Execution | заа ын to 












































Command Codes 





1 0 O 1 
X X X X XHDUSIUSO 





555555555 

















Execution Data-compared 
between the FDD 
and main-system. 


Status information 





tion about the РОС. 
SPECIFY 


Соттапа | W 10: O. O 0 O О 1 1 | Соттапа Codes 
W |—SRT ——9———— HUT— 
уу НЕТ МО 
SENSE DRIVE STATUS 


О O 0 0 0 1 О O|Command Codes 
X ESI 









Result 















Status information 
about FDD 

















MTMF SK 1 
X X X X 


1 1 O 1 
X HD US1 USO 





Command Codes 







Sector ID informa- 
tion prior Command 
execution, 














1 Command Codes 








222222222 





Execution 


Result 


22202023220 2020 


Read Data 


A set of nine (9) byte words is required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head setting time 
(defined in the Specify Command), and begins reading IO 
address Marks and ID fields. When the current sector 
number ("А") stored: in the ID Register (IDR) compares 
with the sector number read off the diskette, then the FDC 
outputs data (from the Data field) byte-by-byte to the main 
system via the data bus. 


After completion of the read operation from the current 
sector, the Sector Number is incremented by one, and 
the data from the next sector is read and outputted to the 
data bus. This continuous read function is called. a "'Multi- 
Sector Read Operation." The Read Data Command must 
be terminated by the receipt of a Terminal Count signal. 
Upon receipt of this signal, the FDC stops. outputting 
data to the processor, while continuing to read data from 
the current sector checking CRC (Cyclic Redundancy 
Count) bytes. At the end of the sector terminate the 
Read Data Command. 


The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), 
MFM (MFM/FM), and N (Number of Bytes/Sector). Table 
2 shows the Transfer Capacity. The “multi-track” func- 
tion (MT) allows the FDC to read data from both sides 
of the diskette. For a particular cylinder, data will be 









0 1 
X X X XHDUSIU 
NCN —  ə<əy=—əən o.O 






Head is positioned 
over proper Cylinder 
оп Diskette 












invalid Command 
Codes (NoOP — FDC 
goes into Standby 





510 


transferred starting at Sector 1. Side 0 and completing. 
at Sector L. Side 1 (Sector L - last sector on the side). 
Note, this function pertains to only one cylinder (the 
same track) on each side of the diskette. 


When N = 0, then DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the 
actual data length in a Sector, the data beyond DTL in the 
Sector is not sent to the Data Виз. The FDC reads (in- 
ternally) the complete Sector performing the CRC check, 
and depending upon the manner of command termination, 
may perform a Multi-Sector Read Operation. When N is 


non-zero, then DTL has no meaning and should be set to 
OFFH. 


At the completion of the Read Data Command, the head 
is not unloaded until after Head Unload Time Interval 
(specified in the Specify Command) has elapsed. |f the 
processor 155465 another command before the head unloads 
then the head setting time may be saved between 
subsequent reads. This time out is particularly valuable 
when a diskette is copied from one drive to another. 
If the FDC detects the Index Hole twice without finding 
the right sector, (indicated in "R'), then the FDC sets 
the Status Register 1's ND (No Data) flag to 1 (high), 
and terminates the Read Data Command. (Status Register 
O also has bits 7 and 6 set to O and 1 respectively.) 


After reading the ID and Data Fields in each sector, the 
FDC checks the CRC bytes, !f a read error is detected 
(incorrect CRC in ID field), the FDC sets the Status 


4—122 

















UMS397 





Register 1's DE (Data Error) flag to 1 (high), and if a CRC 
error occurs in the Data Field the FDC also sets the Status 
Hegister 25 DD (Data Error in Data Field) Над to 1 
(high), and terminates the Read Data Command. (Status 
Register O also has bits 7 and 6 set to O and 1 respectively.) 


If the FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = 0), then the FDC sets the Status 
Register 2's CM (Control Mark) flag to 1 (high), and 
terminates the Read Data Command, after reading all the 
data in the Sector. If SK = 1, the FDC skips the sector 
with the Deleted Data Address Mark and reads the next 


Table 2. Transfer Capacity 




















Sector 26 at Side O 
Sector 15 at Side 0 
Sector 8 at Side O 


Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 


Sector 26 at Side 1 
Sector 15 at Side 1 





1A 
OF 
08 
1A 
OF 
08 Sector 8 at Side 1 


1A Sector 26 at Side O 

OF Sector 15 at Side O 

08 Sector 8 at Side 0 

1A Sector 1 to 25 at Side 1 

OF Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 
Sector 26 at Side 1 

OF Sector 15 at Side 1 

08 Sector Ват Side 1 





1A Sector 1 to 25 at Side 0 

OF Sector 1 to 14 at Side O NC 
08 Sector 1 to 7 at Side О 

1A 

OF C+] 
08 





1A Sector 1 їо 25 аї 9460 ` 
ОЕ Sector 1 to 14 at Side 0 N NC В + 1 МС 
08 Sector 1 to 7 at Side 0 
N 
08 
1A 


sector. 


During disk data transfers between the FOC and the pro- 
cessor, via the data bus, the FDC must be served by the 
processor every 27 us in the FM Mode, and every 13 из 
in the MFM Mode, or the FDC sets the Status Register 
15 OR (Over Run) flag to 1 (high), and terminates the 
Read Data Command. 


If the processor terminates a read (or write) operation in 
the FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte, 
Table 3 shows the values for C, H, R, and N, when the 
processor terminates the Command. 





Maximum Transfer Capacity Final Sector 
(Bytes/Sector) (Number of Read 
Sectors) from Diskette 


(128) (26) = 3,328 26 21 Side 0 
(256) (26) = 6.656 ог 26 at Side 1 
(128) (52) = 6656 | 
(256) (52) = 13.312 26 at Side 1 
(256) (15) = 3840 15 at Side 0 
(512) (15) 7.680 or 15 at Side 1 

15 at Side 1 

8 at Side 0 

or 8 at Side 1 | 















(256) (30) - 7,680 
(512) (30) - 15,360 
(512) (8) - 4,096 
(1024) (8) - 8,192 | 
(512) (16) = 8,192 
(1024) (16) = 16,384 











ID Information at Result Phase 


NC 


















С 


Note: 1. NC (No Change): The same value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 
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Write Data 


A set of nine (9) bytes is required to set the FDC into 
the Write Data mode. After the Write Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified, head setting time 
(defined in the Specify Command), and begins reading 
ID Fields. When the current sector number (“R”), stored 
in the ID Register (IDR) compares with the sector 
number read off the diskette, then the FDC takes data 
from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. After writing data into the current 
sector, the Sector Number stored in “R” is incremented 
by one, and the next data field is written into. The FDC 
continues this “Multi-Sector Write Operation” until the 
issuance of a Terminal Count-signal. If a Terminal Count 
signa! is sent to the FDC it continues writing into the 
current sector to complete the data field. If the Terminal 
Count signal is received while a data field is being written 
then the remainder of the data field is filled with OO 
(zeros). | 


Тһе FDC reads the 10 field of each sector and checks 
the CRC bytes. If the FDC detects a read error (Incor- 
rect CRC) in one of the ID Fields, it sets the Status Register 
15 DE (Data Error) flag to 1 (high), and terminates the 
Write Data Command. (Status Register 0 also has bits 
7 and 6 set to O and 1 respectively.) 


The Write Command operates in much the same manner 
as the Read Command. The Following items are the 
same; refer to the Read Data Command for details. 


€ Transfer Capacity 

EN (End of Cylinder) Flag 

ND (No Data) Flag 

Head Unload Time Interval 

ID Information when the processor terminates com- 
mand. 

е Definition of DTL when М = О and when М #0 


іп the Write Data mode, data transfers between the 
processor апа РОС must occur every 31 из in the FM 
mode, and every 15 us in the MFM mode. |f the time 
interval between data transfers is longer than this then 
the FDC sets the Status Register 1's OR (Over Run) flag to 
1 (high), and terminates the Write Data Command. 


For Mini-floppies, multiple track writes are usually not 
permitted. This is because of the turn-off time of the 
erase head coils — the head switches tracks before the erase 
head turns off, Therefore the system should typically 
wait 1.3 ms before attempting to step or change sides. 


Write Deleted Data 


This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data 
Address Mark. 


Read Deleted Data 


This command is the same as the Read Data Command 


except that when the FDC detects a Data Address Mark 
at the beginning of a Data Field and SK = O (low), it will 
read all the data in the sector and set the Status Register 
2's CM flag to 1 (high), and then terminate the command. 
If SK = 1, then the ЕОС skips the sector with the Data 
Address Mark and reads the next sector. 


Read A Track 


This command is similar to READ DATA Command 
except that the entire data field is read continuously 
from each of the sectors of a track. Immediately after 
encountering the INDEX HOLE the FDC starts reading 
al data fields on the track as continuous blocks of data. 
If the РОС finds an error in the 10 or DATA CRC check 
bytes, it continues to read data from the track. The FDC 
compares the ID information read from each sector 
with the value stored in the IDR, and sets the Status 
Register 15 ND flag to 1 (high). If there is no comparison. 
(unloaded state), waits the specified, head setting time 
in the ID Register. (IDR) compares with the sector. 


This command terminates when EOT number of sectors 
have been read. If the FDC does not find an ID Address 
Mark on the diskette after it encounters the INDEX HOLE 
for the second time, then it sets the Status Register 1's 
MA (missing address mark) flag to 1 (high), and terminates 
the command. (Status Register O has bits 7 and 6 set to 
O and 1 respectively.) 


Read Їр 


The READ ID Command is used to give the present 
position of the recording head. The FDC stores the 
values from the first ID Field it is able to read. И no 
proper ID Address Mark is found on the diskette, before 
the INDEX HOLE is encountered for the second time 
then the Status Register 1's MA (Missing Address Mark) 
flag is set to 1 (high), and if no data is found then the 
Status Register 1's ND (No Data) flag is also set to 1 (high), 
and the command is terminated. 


Format A Track 


The Format Command allows an entire track to be 
formatted. After the INDEX HOLE is detected, Data 
is written on the Diskette: Gaps, Address Marks, ID 
Fields and Data Fields, all per the ІВМ System 34 (Double 
Density) or System 3740 (Single Density) format are 
recorded. The particular format which will be written is 
controlled by the values programmed into N (number of 
bytes/sector), SC (sectors/cylinder), GPL (Gap Length), 
and D (Data Pattern) which are supplied by the processor 
during the Command Phase. The Data Field is filled with 
the Byte of data stored in D. The ID Field for each sector 
is supplied by the processor, that is, four data requests per 
sector are made by the FDC for C (Cylinder Number), H 
(Head Number), R (Sector Number) and N (Number of 
Bytes/Sector). This allows the diskette to be formatted 
with nonsequential sector numbers, if desired. 
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After formatting each sector, the processor must send 
new values for С, H, В, and М to the UM8397 for each 
séctor on the track. The content of the R Register is 
incremented by one after each sector is formatted, thus, 
the R register contains a value of В + 1 when it is read 
"during the Result Phase. This incrementing and 
formatting continues for the whole track until the FDC 
encounters the INDEX HOLE for the second time, 
whereupon it terminates the command. 


If a FAULT signal is received from the FOD at the end 
of a write operation, then the FDC sets the Status 
Register O's EC flag to 1 (high), and terminates the 
command after setting bits 7 and 6 of Status Register O 
to 0 and 1 respectively. Also the loss of a READY 
signal at the beginning of a command execution phase 
Causes command termination. 


Table 4 shows the relationship between N, SC, and GPL 
for various sector sizes: 


Table 4. Sector Size Relationships 


Format Sector Size GPL’  GPL?.? 


8” Standard Y 


128 bytes/sector 
256 

512 

1024 

2048 

4096 


128 bytes/sector 


128 
256 
512 
1024 
2048 


FM Mode 


128 bytes/sector 
256 
512 





Мотез: 
! Suggested values of GPL in Read ог Write commands to avoid 


splice point between data field are 10 field of contiguous 
sections. 


Suggested values of GPL in format command. 

All values except sector size are hexidecimal. 

* In МЕМ mode ЕОС cannot perform a Read/Write/format 
operation with 128 bytes/sector. (М = 00). 





During the Command Phase of the Seek operation the 
FDC is in the FDC BUSY state, but during the Execution 
Phase it is in the NON BUSY state. While the FDC is in 
the NON BUSY state, another Seek Command may be 
issued, and in this manner parallel Seek operations may 
be done on up to 2 Drives at once. 


If an FDD is in a NOT READY state at the beginning of 
the command execution phase or during the Seek орега- 
tion, then the Status Register О5 NR (NOT READY) 
flag is set to 1 (high), and the command is terminated. 


Note that thé UM8397 Read and Write Commands do 
not have implied Seeks. Any R/W command should be 
preceded by: 1) Seek Command; 2) Sense Interrupt 
Status, and 3) Read ID. 


Recalibrate 


This command causes the read/write head within the 
FDD to retract to the Track O position. The FDC clears 
the contents of the PCN counter, and checks the status 
of the Track O signal from the FDD. As long as the Track 
O signal is low, the Direction signal remains 1 (high) and 
Step Pulses are issued. When the Track O signal goes high, 
the Status Register O's SE (SEEK END) flag is set to 1 
(high) and the command is terminated. |f the Track 
O signal is still low after. 77 Step Pulses have been issued, 
the FDC sets the SE (SEEK END) and EC (EQUIPMENT 
CHECK) flags of Status Register 0 to both 1s (highs), and 
terminates the command. 


The ability to overlap RECALIBRATE Commands to 
multiple FDDs, and the loss of the READY signal, as 
described in the SEEK Command, also applies to the 
RECALIBRATE Command. 


Sense Interrupt Status 


An Interrupt signal is generated by the FDC for one of 
the following reasons: 


1. Upon entering the Result Phase of: 
Read Data Command 
. Read a Track Command 
Read 10) Command 
. Read Deleted Data Command 
Write Data Command 
Format a Cylinder Command 
Write Deleted Data Command 
. Scan Commands 
. Ready Line of FDD changes state 
. End of Seek or Recalibrate Command . 
4. During Execution Phase in the NON-DMA Mode 


го-еФаосо 


Q N 


Interrupts caused by reasons 1 апа 4 above occur during 
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normal command operations and are easily discernible 
by the processor. However, interrupts caused by reasons 


2 and 3 may be uniquely identified with the aid of the . 


Sense Interrupt Status Command. This command when 
issued resets the interrupt signal and via bits 5, 6, and 
7 of Status Register О identifies the cause of the in- 
terrupt. 

Neither the Seek nor Recalibrate Command һауе a Result 
Phase. Therefore, it is mandatory to use the Sense inter- 
rupt Status Command after these commands to effectively 
terminate them and to provide verification of the head posi- 
tion (PCN). 


Table 5. Seek, Interrupt Codes 


Normal Termination 
of Seek or Recalibrate 
Command 


Abnormal Termination of 
Seek or Recalibrate 
Command 





Specify 

The Specify Command sets the initial values for each of 
the three internal timers. The HUT (Head Unload Time) 
defines the time from the end of the Execution Phase of 
one of the Read/Write Commands to the head unload 
state, This timer is programmable from 16 to 240 ms 
in increments of 16 ms (01 = 16 ms, 02 = 32 те... OF = 
240 ms). The SRT (Step Rate Time) defines the time 
interval between adjacent step pulses. This timer is pro- 
grammable from 1 to 16 ms in increments of 1 ms (F = 1 


Table 6. Status Registers 


m ре 
STATUS REGISTER O 
ІС 


Interrupt О, = 0 and D, = 0 

Code Normal Termination of Command, 
(NT). Command was com- 
pleted and properly executed. 


Description 


: D, = 0 and D, = 1 
Abnormal Termination of Com- 
mand, (AT). Execution of Com- 
mand was started, but was not 
successfully completed. 





ms, E = 2 ms, D = 3 ms, etc.). The HLT (Head Load Time) 
defines the time between when the Head Load signal 
goes high and when the Read/Write operation starts. This 
timer is programmable from 2 to 254 ms in increments 
of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = бмв... FE = 254 ms). 


The step rate should be programmed 1 ms longer than 
the minimum time required by the drive. 


The time intervals mentioned above are a direct function 
of the clock. Times indicated above are for an 8 MHz 
clock, if the clock was reduced to 4 MHz then all time 
intervals are increased by a factor of 2. 


The choice of DMA or NON-DMA operation is made by 
the ND (NON-DMA) bit. When this bit is high (ND = 1) 
the NON-DMA mode is selected, and when ND = 0 the 
ОМА mode is selected. 


Sense Drive Status 


This command may be used by the processor whenever 
it wishes to obtain the status of the FDDs. Status Register 
3 contains the Drive Status information. 


Invalid 


If an invalid command is sent to the FDC (a command 
not defined above), then the FDC will terminate the 
command. Мо interrupt is generated by the UM8397 
during this condition, Bit 6 and bit 7 (DIO and ROM) 
in the Main Status Register are both high (717) indicating 
to the processor that the UM8397 is in the Result Phase 
and the contents of Status Register O (STO) must be read. 
When the processor reads Status Register O it will find an 
80H Indicating an invalid command was received. 


A Sense interrupt Status Command must be sent after a · 
Seek or Recalibrate interrupt, otherwise the FDC will 
consider the next command to be an invalid Command. 


In some applications the user may wish to use this com- 
mand as a No-Op command, to place the FDC ina stand- 
by or no operation state. 


STATUS REGISTER 0 (СОМТ.) 


О, = Тапа D, = 0 

Invalid Command issue, (ІС). 
Command which was issued 
was never started. 


Description 


О, = Тапа D, = 1 

Abnormal Termination because 
during command execution the 
ready signal from FDD changed 
state. 
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Table 6. Status Registers (Continued) 


CUTE ке 


STATUS REGISTER 0 (СОМТ.) ; STATUS REGISTER 1 (СОМТ.) 


Seek Епа When the ЕОС completes the D, | МА If the РОС cannot detect the Data 
SEEK Command, this flag is Address Mark or Deleted Data | 
set to 1 (high). i Address Mark, this flag is set. 

Also at the same time, the MD 





SE 
Equipment EC If a fault Signəl is received from (Missing Address Mark in Data 
Check the FDD, or if the Track 0 Signal Field) of Status Register 2 15 зет. 
fails to occur after 77 Step Pulses 
(Recalibrate Command) then STATUS REGISTER 2 


this flag is set. 
ШІН ЖӘН Not used. This bit is always 0 (low.) 


Not Ready When the ЕОО is in the not-ready 
state and a read or write com- Control During executing the READ 
mand is issued, this flag is set. Mark DATA or SCAN Command, if 
If a read or write command is the FDC encounters a Sector 
issued to Side 1 of a single sided which contains a Deleted Data 
drive, then this flag is set. 


Address Mark, this flag is set. 
Head HD This flag is used to indicate the Data Error in If the FDC detect a CRC error in 
Address state of the head at Interrupt. Data Field the data field then this flag is set. 
р, | т Select | These flags are used to indicate a 


WC This bit is related with the ND bit. 
: | and when the content of C оп 
Do Unit SelectO | us o | Drive Unit Number at Interrupt the medium are different from that 


stored in the IDR, this flag is set. 
STATUS REGISTER 1 


End of When the FDC tries to access а 
Cylinder Sector beyond the final Sector 
During executing the SCAN Com- 
mand, if the FDC cannot find a 


Sector on the cylinder which meets 
the condition, then this flag is set. 


Bad М This bit is related with the ND bit, 


CM 
Scan Equal SH During executing the SCAN Com- 
Hit mand, if the condition of "equal" 
is satisfied, this flag is set. 
SN 
BC 


Data Error When the FDC detects a CRC 
error in either the ID field or the 
data field, this flag is set. 

Over Run If the FOC is not serviced by 
the main-systems during data 
transfers, within a certain time 
interval, this flag is set. Missing When data is read from the mediurn, 

Address if the FDC cannot find a Data 
Mark in Address Mark or Deleted Data 


о | | метона This bit aways 0 (low. | 
Data Field Address Mark, then this flag is set. 


No Data During execution of READ DATA, 

WRITE DELETED DATA or SCAN STATUS REGISTER 3 
Command, if the FDC cannot 
find the Sector specified in the Fault FT This bit is used to indicate the status 
IDR Register, this flag is set. prope) of the Fault signa! from the FDD. 
During executing the READ ID Write WP This bit is used to indicate the 
Command, if the FDC cannot Protected status of the Write Protected 
read the ID field without an signal from the FDD. 
error, then this flag is set. 

Ready RDY | This bit is used to indicate the status 
During the execution of the of the Ready signal from the FDD. 
HEAD A Cylinder Command, if 
the starting sector cannot be Track O TO This bit is used to indicate the status 
found, then this flag is set. of the Track O signal from the FDD. 

E 
HD 


Cylinder and when the content of C on the 
medium is different from that 
stored in the IDR and the content 


of C is FF, then this flag is set. 


of a Cylinder, this flag is set. 

Scan Not 
Not used. This bit is always O Satisfied 
(low). 


Not NW | During execution of WRITE DATA Two Side This bit is used to indicate the status 
Writable WRITE DELETED DATA or of the Two Side signal from the FDD. 
Format A Cylinder Command, if 
the FDC detects a write protect Head This bit is used to indicate the status 
signal from the FDD, then this Address of Side Select signal to the FDD. 
flag is set. 
Unit Select 1 | US 1 | This bit is used to indicate the status 
A of the Unit Select 1 signal to the РОО 
Unit Select О | USO | This bit is used to indicate the status 
of the Unit Select O signal to the FOD 


Missing M If the FDC cannot detect the ID 

Address Address Mark after encountering 

Mark the index hole twice, then this 
flag is set. 
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Timing Waveforms 





Processor Read Operation Processor Write Operation 


ADDRESS VALID 4 





ОМА Operation Terminal Count , Reset , Index 


Terminal Count ttc 
| 
Reset 
от 





Seek Operation 


Application Notes 


A: General Description 


then the I/O address of the UM8397 is selected in the 
The address decoder built-in UM8397 is switchable by primary drive group addresses (3F1 ^ 3F7, 1F7) as des- 
setting ріп 29 of UM8397. If pin 29 is set to 1 (high), cribed in Table A-1. 
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B: PC/XT Application 





The UM8397 provides circuitry which includes the very easy to implement into the FDC card or main 
UM8272A, internal data separator (UM8326B), write board. Only 3 components (UM8397*1, 7406*2) аге 
precompensation circuit, address decoder, clock & timing needed in the IBM PC XT drive system. The application 
control circuit, and other control logic. Therefore, it is circuit is shown in Figure A-2. 


IBM PC Slot 1 Vcc 
D7 
06 
05 
04 
оз 
р2 
D1 
DO 


юм Одосо»ьмоОо O b N O. 


У 

О 
у 
° 


Y 

е 
y 
Q 


M 
° 


A9 


| y 
° 
€) @ N I NÇ N Ñ = ~ = = = о 


„в UM8397 
A5 


A4 Clock-in 
A3 


M 
Ф 


оо осо Oo > > > + p > 
4«884885555225238 
т 
Г) 
У 
С) 


А2 
А1 
AO 
Reset 
оно 
low 
TOR 





OSC 4MHz 


Усс 





Figure А-2 РС/ХТ (360K, 720К ЕОО) Application Circuit 


Ordering Information 


Operating 


P 
art Number Current (Max.) 


Package Type 


UM8397 48 pin DIP 
UM8397L 44 pin PLCC 
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Single-Chip Floppy Disk 
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. Controller 
Features 
8 |BM PC XT/AT drive system compatible в interna! write precompensation circuit; precompensation 
= Supports 2 drives (MS-DOS support) | valges: 250-125 йе 
в 1.2M/360K/720K format selectable . mE 
в | ВМ PC drive system address decoder = internal data separator circuit 
B Only 3 components for the drive B Supports to control 8", 597,39” drives 


General Description 


The UM8398 is a VLSI Floppy Disk Controller (FDC) makes DMA operation easy to incorporate with the aid 
chip, which contains the circuitry and contro! functions of an external DMA control chip. The FDC will operate 
for interfacing a processor with up to 2 floppy disk drives. in either the DMA or Non-DMA mode, In the Non-DMA 
it is capable of supporting 360K Bytes, 1.2M Bytes (іп mode, the FDC generates interrupts to the processor 
5%" diskette drives), 720K Bytes, and 1.44M Bytes, (іп every time a data byte is available. In the OMA mode, 
3^" diskette drives) FDDs. using FM/MFM-coded, and the processor needs only to load the command into the 
double sided recording. UM8398 includes an internal FDC and all data transfers occur under control of the 
. data separator, write precompensation, circuit address UM8398 and ОМА controller. 
decoder, timing control and other control logics. | Many diskette drive parameters are programmable and 
simplifies design of a diskette drive system since only 3 write-protection feature is supported. Опе interrupt 
‘components are needed in the ІВМ PC XT/AT drive level is used to indicate when an operation is completed, 
system. Or a status condition requires microprocessor's atten- 


Handshaking signals are provided in UMB8398 which tion. 








Pin Configurations Block Diagram 
DISKETTE 
1 REDUCED WRITE пете -- REDUCED WRITE 
2 INDEX CLOCK IN 
3 MOTOR A ON өзен WRITE DATA 
4 DRIVE B SELECT T CIRCUIT 
5 DRIVE A SELECT Do DATA BUS 
6 MOTOR B ON | ú vy BUFFER = 
7 DIRECTION SELECT | READ DATA 
8 STEP SEPARATOR 
9 WRITE DATA 2 
WRITE GATE А 2 ЗЕТР 
TRACK O0 ` ji Бета a 
WRITE PROTECT оям -- eon GIDE 1 SELECT 
GROUP 
READ DATA 2. т 
SIDE 1 SELECT TRACK 00 
DISKETTE CHANGE 
CLOCK IN 
RESET 
"НОС те 
HIGH/DOUBLE DENSITY А гав. ` DRIVE А SELECT 
HIGH/DOUBLE DENSITY B яс DRIVE B SELECT 
DRIVE GROUP SELECT E CONTROL = e] me paeem MOTOR A OK 
TC — AEN MOTOR B ON 
DACK RESET 
IRQ 
GND 
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Pin Configurations (Continued) 
52 PIN PLASTIC LEADED CHIP CARRIER 





|| MOTOR A ON 


|| DRIVE B SELECT 
[] DRIVEA SELECT 


| MOTOR B ON 














о 
о соч о ог а 
г OQ QO O O Q > 
||| | [ || || | ЕВ ШЕН 
02 7654321 DIRECTION SELECT 
р STEP 
DO WRITE DATA 
AEN WRITE GATE 
A9 TRACK 00 
NC WRITE PROTECT 
A8 1/М83981-1 ВЕАР РАТА 
А7 SIDE 1 SELECT 
A6 DISKETTE CHANGE 
А5 CLOCK IN 
А4 TEST PIN 
A3 HDC 
А2 | H/D DENSITY А 
30 i33 
11111: 111:1111 11114 ЕЕ 
-ord ао O x OoF о 
< < u ç É É 2 € 2 É P 55, 
МО ta m. x ФЕ 
Cy oi — 
а ош 9) 
пт 
ш ш 
> б 
> Q 
а т 
68 PIN PLASTIC LEADED CHIP CARRIER T 
= ош 
c 2 -4 2 
= О ш ш О 
о 49 9 о 
ш со < 
о х ac ul ul tc 
эщо> > OQ 
QO а к Z = 
Ош > ококоо 
>к<з 0202 2 
ПОПЕ: 


МС 

DIRECTION SELECT 
STEP 

WRITE DATA 
WRITE GATE 
TRACK 00 

WRITE PROTECT 
READ DATA 

SIDE 1 SELECT 

NC 

DISKETTE CHANGE 
CLOCK IN 

TEST PIN 

HDC 

Н/О DENSITY А 

МС 

МС 


0М8398 1-2 





(1111) 
соо 
іш>Е Е Z jO - 20, Z 
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ш а г-1- 
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ог 
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~ 
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Absolute Maximum Ва по“ *Comments 
Operating Temperature .............. 0°С to +70°С Stresses above those listed under "Absolute Maximum 
Storage Temperature ............. шээс и ес эе 
ese are stress ratings only. Functional operation of 
All Output Voltages .............. - ЭГ 
р 2023 0.5 to +7 Volts this device at these ог any other conditions above those 
All Input Voltages ............... -0.5 to +7 Volts indicated in the operational sections of this specification 
Supply Voltage Усс .............. -0.5 to +7 Volts is not implied and exposure to absolute maximum rating 
Power Dissipation ........... ........... 1 Ман conditions for extended periods may affect device ге- 
liability. 


DC Electrical Characteristics (T, = 0°C to +70°C, Voc = +5V + 5%) 


о | Input low voltage KENN 


V L 

Уін 
VoL 
VoH 

їсс ЕЕЕ 

li O 

Output float leakage ш | 
current. 


AC Characteristics (T, = О°С to + 70°C, Vec = +5.0М + 1096) 
PROCESSOR WRITE CYCLE 


[$m — | т=ш= | wu [ =. 
Па ommesmuswiWi ms 
Сома cmHesmHRoniWT T Е 
Гын. | TOW swath [жы j| — 
=" 
ed 












low = 2 ОтА 
Output high voltage Іон = 4004A 
Усс Supply current 


Input leakage current 










бна setup to ТОВ" 
data hold from IOW 1 10 ns 
ІВО delay from ТОМ 1 oy 500 ns* 


PROCESSOR READ CYCLE 


Озы — | — — Pm — rs 
ОО ы әйешрейі | o | 
А | әйенейнәнояҒ | os | 
О ы | mew ЕИ — Jj 











data delay from ТОВ + ЕЕЕ 385: 
1806 delay from ТОВ 7 ЕССЕ 500 по“ 


Note: *: The values аге for 8 MHz clock rate, multiply timings by 2/1.67 when using 4/4.8 MHz clock rates. 
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ОМА OPERATION* , 


Озы | шты 8-2 
[ wes бкжгеонас 2-0 
[ we | menm | | 
[ wo | мотоа ОЕ ООО — 
[ wow _____омотетититљи 1-1 НЕ | 





















| Parameter | CM [| Tm — 
[wx | ingexpueewidtn — — | м __ 
| tre | terminal countwietn | Қу | _______ 
ы | еммен | ~ ү j 


Notes: 
* : The values listed for DMA operation are for 8 MHz clock rate, multiply timings by 2/1.67 when using 4/4.8 MHz clock rates. 
**: tev is the clock rate of Drive System. 










FDD INTERFACE 


Гэвэ | — ma — T m T ҰН 
| А write gate active before the ` 4 

мар first significant data bit а 

А write gate inactive after the ds 

WDG last significant data bit 4 


read data active time (high) 125/208/250 ns* 
[ "ww | едиовше __ [ | МЯри 


SEEK OPERATION*** 


Озы | femme | = 
tsc 






















ПИСТИ БИСТУ 10 
ы СТИ Xm 
[ хыг | Omewwspi ____| m | 
[wm | mmémnepi — CL нө L — 


Notes: 
* : The specified values are for 8/4.8/4 MHz respectively. 


“ж 





> twoH — write clock high time. 
***: The values listed for seek operation are for 8 MHz clock period, multiply timings by 2/1.67 when using 4/4.8 MHz clock rates. 
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Pin Description 





Power supply. Connected to +5V power supply. 


Bi-directional 8-bit data bus 


7 ~ Uo 


input from ОМА — Address Enable. When this line is active, the ОМА con- 
troller has control of the address bus. 


Input from processor — 10-bit Address Bus. 


Input from processor — places FDC in idle state. Reset output lines to FDD 
to “0” (low). Does not affect SRT, HUT or HLT in Specify command. И 





17-20 Ag~Ao 


RESET | | 
RDY ріп is held high during Reset, FDC will generate interrupt 1.024 ms later. 


To clear thisinterrupt,use Sense Interrupt Status command. 





Output to ОМА — ОМА Request is being made Бу РОС when ОВО 2 = "71". 


Input from processor — Control signal for transfer of data to FDC via Data 
Bus, when “07. 


Input from processor — Control signal for transfer of data from FDC to Data 
Bus, when “0” 





Ground. Normally connected to 40У ground 


Output to processor — Interrupt request generated by FDC. 


Input from ОМА — ОМА cycle is active when “0” (low) and controller is 
performing DMA transfer. 


Input from ОМА — Indicates the termination of a DMA transfer when ''1" 
(high). It terminates data transfer during Read/Write/Scan command in ОМА 
or interrupt mode. 


DRIVE GROUP 
SELECT 


N 
cO 


-! 
- ОО 


The primary address will be applied when this signal is active high. 





Drive B high or double density diskette drive selection. When drive B is high 
density, set this input to high. 


: HIGH/DOUBLE 


zd DENSITY B 


HIGH/DOUBLE 
DENSITY A 


CLOCK IN 


DISKETTE 


Drive A high or double density diskette drive format selection. When drive A 
is high density, set this input to high. 


16%, 





Set this input to low, when your system has hard disk control card. Otherwise, 
set this input to high. 


24 MHz clock input. 


Input Нот РОО — This input is high when a diskette is present and a step pulse 
is received when the drive is selected. 


O 
N 









CHANGE 














сарыны UM8398 


Output to FDD — This output is active (high) for the upper head. Otherwise, 
the lower head is selected. 





Pin Description (Continued) 





SIDE 1 
SELECT 









Input from FDD — Each bit detected provides a 250 ns (4 MHz), 208 ns (4.8 


HEAD DA | | 
БАГА MHz), 150 ns (8 MHz) active (low) pulse on this line. 









Input from FDD — This input is active low when a diskette with a write protect 


WHITE PROTECT мај 
notch is inserted. 






сә G2 G H 





Input from FDD — This signal is low when the upper head is on Track 00 
(the outermost track). 





TRACK 00 





Output to FDD — An active level of this input enables the write current Circuits, 


39 | 25 . ! 
and the Write Data input controls the writing of information. 


WRITE GATE 


WRITE DATA В 
STEP В 


DIRECTION 
SELECT 


MOTOR B ON В 









Output то FDD — A 150 ns (8 MHz), 208 ns (48 MHz), 250 ns (4 MHz) pulse 
on this output causes a bit to be written on the disk if Write Gate is active. 
When Write Gate is inactive, pulses do not appear on this output, 











Output to FDD — An active pulse causes the read/write heads to move in the 
direction determined by the "direction select” signal. Motion is started each 
time the signal changes from an active to inactive level (at the trailing edge of 
the pulse). 















Output to FDD — This signal determines the direction the read/write head 
moves when the step signal is pulsed. An active level indicates away from the 
center of the diskette (out); an inactive level indicates toward the center of the 
diskette (in). 






A 
NO 


ЕЛЕК 
— 







Output to FDD — The spindle motor B runs when this input is active. The 
drive requires а 1 sec (high density)/750 ms (double density) delay after 
"motor оп” becomes active before and after the trailing edge of the step pulse. 







DRIVEA 
SELECT 


DRIVEB 
SELECT 


MOTOR A ON В 


INDEX 


REDUCED 
WRITE 


Output to РОО — When “Drive A Select" is at the active level, drive A is 
enabled. When it is at the inactive level, all drive A outputs are disabled. 


+ 
+ 






SEE 
о 










Output to FDD — When "Drive В Select" is at the active level, drive В is 
enabled. When it is at the inactive level, all drive B outputs are disabled. 






EN 
сл 


Output to FDD — The spindle motor А runs when this input is active. Drive 
"А requires a 1 sec (high density)/750 ms (double density) delay after "motor 
on" becomes active before and after the trailing edge of the read or write 
operation. | 








> 


аја 


Input from FOD — A pulse appears on this line to indicate the beginning of a 
disk track when the drive senses the index hole in the diskette. 







Output to FDD — The inactive state of this signal indicates that high-density 
media is present, requiring normal write currents, and the active state indicates 
low-density media is present, requiring a reduced write current. 






+ 
EN 
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Register Description 
1. Digital Output Register 


The digital output register (DOR) іс an output-only register controlling drive motors, drive selection, and feature 
enable. All bits are cleared by the 1/0 interface reset line. The bit definitions are as follows. 


Reserved 


Drive Select — A 0” on this bit indicates that drive А is selected. 




















2. Digital Input Register 


The digital input register is an 8-bit, read-only register used for diagnostic purposes, The following are bit definitions 
for this register. 


Bit 7 Diskette Change 





Apply to the currently selected fixed disk drive 


3. Transfer Rate Register (Diskette Control Register) 


The transfer rate register is a 2-bit, output-only register which controls a programmable divider and provides 
8M/A.8M/AM Hz clocks for three different data transfer rates. The definition is given as follows: 
















500K bps 8 MHz 
300K bps 4.8 MHz 
250K bps 4 MHz 





reserved reserved 


4. Main Status Register 


Those bits in the main status register are defined as follows: 


Request for master (ROM) — The data register is ready to send or receive data to or from the 
processor. 


Data Input/Output (DIO) — The direction of data transfer between the diskette control and the 
processor. | 


Моп- ОМА Mode (МОМ) — The diskette controller is in the non-DMA mode. 


Diskette Control Busy (CB) — A Read or Write command is being executed. 


Diskette Drive B Busy (DBB) — Diskette drive B is in the seek mode. 
Diskette Drive A Busy (DAB) — Diskette drive A is in the seek mode. 
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5. Diskette Data Register 








This 8-bit data register actually consists of several registers in a stack and only one register is presented to the data 
bus at a time when storing data commands, and parameters, or providing diskette-drive status information. 


6. Drive Type Register 


The drive type register is a 4-bit read-only register for drive type settings. This а is used only when РОС control 
ROM is at ON condition. The bit definitions are given in the following: 


Drive В Type — Drive В is double density when this bit is '0' and high density when this bit is '1'. 


Ground 0 (Low) 
Ground O (Low) 


7. Fixed Disk Status Register 









Drive A Type — Drive A is double density when this bit is 'O' and high density when this bit is ‘1°. 







The content of this 8-bit fixed disk status register is checked when system BIOS executes self-test. This register 
is enabled when PC system has no Hard Disk Control card and bit 7 is of this register is fixed to 1 (high). This register shall 
be disabled when PC system has a Hard Disk Control card. 


The 1/О addresses of these seven registers mentioned above are given in the following: 












Drive type register 







Digital output register 
Main status register 
Diskette data register Diskette data register 
Digital input register Transfer rate register 


5: Fixed disk function 






Main status register 





Command Descriptions 


There аге 15 separate commands which the UM8398 will execute. Each of these commands requires multiple 8-bit 
bytes to fully specify the operation which the processor wishes the FDC to perform. Тһе following commands are 
available: 


READ DATA SENSE INTERRUPT STATUS | 
ЕОВМАТ А ТВАСК SPECIFY | 
SCAN EQUAL SENSE DRIVE STATUS | 
SCAN LOW OR EQUAL SEEK 

SCAN HIGH OR EQUAL READ DELETED DATA | | 
RECALIBRATE WRITE DELETED DATA 

READ 10 READ A TRACK 

INVALID 


The format of these commands is the same as UM8272A. The UM8398 also has two registers to which the main system 
processor has access: a status register and а data register just the same as ()М8272А. The track stepping rate, head load 
time, and head unload time may be programmed by the user. The UM8398 offers many additional features such as multiple 
sector transfers in both read and write with а single command, and full IBM PC XT/AT compatibility in both double and | 
high density models. | 
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Symbol Description | 


Address Line 0 Ао controls selection of Main Status Register (Ag =0} or Data Register (Ag = 1). 


e 


C stands for the current/selected Cylinder (track) number O through 76 of the 


Cylinder Number medium. 


Data D stands for the data pattern which is going to be written into a sector. 


8-bit Data Bus, where Ds stands for the most significant bit, and Do stands for 


05-р бре | 
тай the least significant Би. 


Data Bus 


When N is defined as OO, DTL stands for the data length which users are going 


DTL ite i 
T Data Length to read out or write into the Sector. 


Pad ot Trek EOT stands for the final Sector number on a Cylinder. During Read or Write 
operation FDC will stop data transfer after a sector # equal to EOT. 


m 
О 
+ 





GPL stands for the length of Gap 3. During Read/Write commands this value 
determines the number of bytes that VCOs will stay low after two CRC bytes. 
During Format command it determines the size of Gap 3. 





Gap Length 






Head Address Н stands for head number 0 or 1, as specified in ID field. 


Head HD stands for a selected head number 0 or 1 and controls the polarity of pin 


т G) 
= ще 
a i 


27. (H = HD in all command words.) 
HLT Head Load Time | HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms increments). 
HUT Head Unioad Time HUT stands for the head unload time after a read or write operation has 


occurred (16 to 240 ms in 16 ms increments). 


MF FM or MFM Mode 





If MF в low, FM mode is selected, and if it is high, МЕМ mode is selected. 


If MT is high, a multi-track operation is to be performed. 1f MT = 1 after 
finishing Read/Write operation on side 0 ЕОС will automatically start searching 
for sector 1 on side 1. 


Number N stands for the number of data bytes written in Sector. 
NCN stands for a new Cylinder number, which is going to be reached as a 
NCN New Cylinder Number result of the Seek operation. Desired position of Head 


Non-DMA Mode ND stands for operation in the Non-DMA Mode 










Multi-Track 






= 


2 
О 


РСМ Present Cylinder PCN stands for the Cylinder number at the completion of SENSE INTERRUPT 
Number STATUS Command. Position of Head at present time. 


Record В stands for the Sector number, which will be read or written. 


R/W Read/Write R/W stands for either Read (R) or Write (W) signal. 
Sector SC indicates the number of Sectors per Cylinder 
Skip SK stands for Skip Deleted Data Address Mark. 


| ЗАТ stands for the Stepping Rate for the FDD. (1 to 16 ms т 1 ms іпсге- 
ud Step Rate Time ments.) Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.) 


N 
O 


(> 
А 










ST 0-3 stands for опе of four registers which store the status information after 






STO Status O a command has been executed. This information is available during the result 
511 Status 1 phase after command execution. These registers should not be confused with 
ST2 Status 2 the main status register (selected by Ag - 0); ST 0-3 may be read only after a 
513 Status 3 command has been executed and contains information relevant to that particular 






command. 






During a Scan operation, if STP = 1, the data in contiguous sectors is compared 
byte by byte' with data sent from the processor (ог ОМА); and if STP = 2, 
then alternate sectors are read and compared. 


Unit Select US stands for a selected drive number O or 1. 
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Та е 1. UM8398 Command Set 


2 Шан хаян 
Phase Ё amare наг Databus ЕРЕ 
р, р, р, р, р, р, р, р, р, р, р, р, р, р, р, D, 


READ DATA READ A TRACK 


О 0 О 1 0 [Command Codes 
X X HDUS1 USO 





Sector ІП informa- 
tion prior to Com- 
mand execution. 


The 4 bytes are 

commanded against 

header on Floppy 
isk 


222222222 
22222222 


Execution Data-transfer 
between the FDD 
and mainsystem. 
FDC reads all data 
fields from index 
hole to EOT. 
Status information 
after Command 
execution 

Sector ID informa- 
tion after Com- 
mand execution. 


Result 


22222022) 





MTMF SK 0 1 1 O O 


X X X HD US1US0 | ВЕАО 10 
— H — — цоп prior to | 101 0 


The first correct ID 
information on the 
Cylinder is stored іп 
Data Register. ` 
Status information 
after Command 


========= 


Execution 


and main system. 
Status information 
after Command 
execution. 

Sector ID informa- 


—Y— — — Шоп after Com- 
mand execution. FORMAT A TRACK 
0 1 O 1 


execution. 

Sector ID informa- 
‘tion read during 
‘Execution Phase 
from Floppy Disk. 


Result 





222220202 


2222222 









Bytes/Sector 
Sectors/Track 

Gap 

Filer Byte 

FDC formats an 
entire track 

Status informa- 
tion after Com- 
mand execution 

In this case, the 10 
information has no 
meaning. 















Sector ID informa- 
tion prior to Com- 
mand execution. 
The 4 bytes are 
commanded against 






Execution 









Result 






=======6= 





Execution 














Result 









оо 1 


0 Command Codes 
X НО US1 USO 





X X X X 









Sector 10 informa- 
tion Prior to Com- 
mand execution. 






202020 202020 29 























22222222 













MTMFO 0 1 00 1 
X X X X XHDUSIUSO 





Execution Data-compared 
between the FDD 
and main-system. 
Status information 
after Command 
execution. 

Sector ID informa- 
tion after Command 
execution. 

















========= 













Data-transfer 
between the FDO 
and main system. 
Status information 
after Command 
execution. 












22922222 










mand execution. 


222020202220 22 


Note: 1 A, should equal binary 1 Тог all operations. 
2 X = Don't care, usually made to equal binary 0. 
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_  Datebus ____ 
: Remarks Phase Databus Remarks 
D, D, D, D, D, D, D, D, D, D, D, D, D, D, D, D, 


SCAN LOW OR EQUAL RECALIBRATE 


МТ МЕ SK 1 O 0 1 [Command Codes Соттапа Command Codes 
X X X X XHDUSI1USO ` 


Execution 


Sector ІП informa- 
tion prior Command 
execution. 


Head retracted to 


Command 
Result 


222222222 


Execution 


Hesult 
after Command 
execution. 

Sector 10 informa- 


execution. 


2020202020020 


Sector ID informa- 


tion prior Command 


execution. 


Execution Data-compared 
between the FDD 
and main-system. 
Status information 


after Command 


Result 


2202222 


Read Data 


A set of nine (9) byte words is required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the: head (if it is in the 
unloaded state), waits the specified head setting time 
(defined in the Specify Command), and begins reading ID 
address Marks and 10 fields. When the current sector 
number ("А") stored in the ID Register (IDR) compares 
with the sector number read off the diskette, then the FDC 
outputs data (from the Data field) byte-by-byte to the main 
system via the data bus. 


After completion of the read operation from the current 
sector, the Sector Number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous read function is called а "Ми - 
Sector Read Operation." The Read Data Command must 
Бе terminated by the receipt of a Terminal Count signal. 
Upon receipt of this signal, the FDC stops outputting 
data to the processor, while continuing to read data from 
the current sector, checking САС (Cyclic Redundancy 
Count) bytes, and then at the end of the sector. It will 
terminate the Read Data Command. 


The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), 
MFM (MFM/FM), and N (Number of Bytes/Sector). Table 
2 on the next page shows the Transfer Capacity. Тһе 
“multi-track” function (MT) allows the FDC to read дата 
from both sides of the diskette. For a particular cylinder, 
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tion after Command 


theendof seek-opera- 
tion about the FDC. 


SPECIFY 


0 0 0 0 1 1 | Соттапа Codes 
T —————n HUT— 
ND 


SENSE DRIVE STATUS 
Command Codes 


Status information 
about FDD 


Head is positioned 
over proper Cylinder 
on Diskette 


INVALID 


invalid Command 
Codes (NoOP — FDC 
goes into Standby 


Invalid Codes 


-STO 





data will be transferred starting at Sector 1, Side O and 
completing at Sector L. Side 1 (Sector L = last sector on 
the side). Note, this function pertains to only one cylinder 
(the same track) on each side of the diskette. 


When М = 0, then DTL defines the data length which the 
FDC must treat as a sector. ІҒ DTL is smaller than the 
actual data length in a Sector, the data beyond DTL in the 
Sector is not sent to the Data Bus. The FDC reads (іп- 
ternally) the complete Sector performing the CRC check, 
and depending upon the manner of command termination, 
may perform a Multi-Sector Read Operation. When N is 
ПРЕ then DTL has no meaning and should be set to 
FFH. 


At the completion of the Read Data Command, the head 
is not unloaded until after Head Unload Time Interval 
(specified in the Specify Command) has elapsed. ІТ the 
processor issues another command before the head unloads 
then the head setting time may be saved between 
subsequent reads. This time out is particularly valuable 
when a diskette is copied from one drive to another. 
If the FDC detects the index Hole twice without finding 
the right sector, (indicated in "R'"), then the FDC sets 
the Status Register 15 ND (No Data) · Над to 1 (high), 
and terminates the Read Data Command. (Status Register 
O also has bits 7 and 6 set to O and 1 respectively.) 


After reading the ID and Data Fields in each sector, the 
ЕОС checks the CRC bytes. И a read error is detected 
(incorrect CRC in ID field), the FDC sets the Status 
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Register 15 DE (Data Error) Над to 1 (high), and if a CRC 
error occurs in the Data Field the FDC also sets the Status 
Register 2's DD (Data Error in Data Field) flag to 1 
(high), and terminates the Read Data Command. (Status 
Register O also has bits 7 and 6 set to O and 1 respectively.) 


If the FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = 0), then the FDC sets the Status 
Register 2's CM (Control Mark) flag to 1 (high), and 
terminates the Read Data Command, after reading al! the 
data in the Sector. И SK = 1, the FDC skips the sector 
with the Deleted Data Address Mark and reads the next 


Table 2. Transfer Capacity 








MT 
1 
| 
1 
1 
1 


М 
1 
1 
02 
1 
2 
02 
03 
02 
03 








Sector 1 to 25 at Side O 


1A 
OF 





Sector 1 to 25 at Side O 
Sector 1 to 14 at Side O 
Sector 1 to 7 at Side 0 
Sector 26 at Side O 
Sector 15 at Side O 
Sector 8 at Side O 
Sector ] to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 
Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 a 


1 NC (Neo Chesca: The sanae аве өт be um os 






1A 
OF 
08 
1A 
ОР 
08 
1А 
ОР 
08 
ТА 
ОР 


N 


MT 
[ 


4-2 АДЕ ее сш `: 


Multi-Track MFM/FM Bytes/Sector 
MF 
0 00 
0 
0 
0 
0 


Та е 3. 1D Information When Processor Terminates Command 


Final Sector Transferred to Processor 


Sector 1 to 14 at Side O 
08 Sector 1 to 7 at SideO . 
1A Sector 26 at Side O 
OF Sector 15 at Side O 
08 Sector 8 at Side O 
1A Sector 1 to 25 at Side 1 
OF Sector 1 to 14 at Side 1 
08 Sector 1 to 7 at Side 1 
1A Sector 26 at Side 1 
OF Sector 15 at Side 1 
08 Sector 8 at Side 1 





t Side 1 


Sector. 


During disk data transfers between the FDC and the pro- 
cessor, via the data bus, the FDC must be served by the 
processor every 27 us іп the FM Mode, and every 13 us 
in the MFM Mode, or the FDC sets the Status Register 
t's OR (Over Run) flag to 1 (high), апа terminates the 
Read Data Command, 


If the processor terminates a read (or write) operation in 
the FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. 
Table '3 shows the values for C, H, R, and N, when the 
processor terminates the Command. 


Final Sector 
Read 
from Diskette 


Maximum Transfer Capacity 
(Bytes/Sector) (Number of 
Sectors) 


(128) (26) - 3,328 26 at Side O 
(256) (26) = 6.656 or 26 at Side 1 
(128) (52) 6,656 | 

(256) (52) = 13,312 26 at Side 1 
(256) (15) = 3,840 15 at Side 0 
(512) (15) = 7,680 or 15 at Side 1 


(256) (30) * 7,680 
(512) (30) - 15,360 
(512) (8) - 4,096 
(1024) (8) - 8,192 
(512) (16) - 8,192 
(1024) (16) - 16,384 


15 at Side 1 
8 at Side O 
or 8 at Side 1 
8 at Side 1 









ID Information at Result Phase 


ED 0€ 2]. i eee aN 
[ppm 
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Write Data 


A set of nine (9) bytes is required to set the FDC into 
the Write Data mode. After the Write Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified, head settling time 
(defined in the Specify Command), and begins reading 
ID Fields. When the current sector number (“R”), stored 
in the ID Register. (IDR) compares with the sector 
number read off the diskette, then the FDC takes data 
from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. After writing data into the current 
sector, the Sector Number stored іп "РА" is incremented 
by one, and the next data field is written into. The FDC 
continues this “Multi-Sector Write Operation” until the 
issuance of a Terminal Count-signal. Ма Terminal Count 
signal is sent to the FDC it continues writing into the 
current sector to complete the data field. If the Terminal 
Count signal is received while a data field is being written 
then the remainder of the data field is filled with OO 
(zeros). 


The FDC reads the ID field of each sector and checks 
the CRC bytes. If the FDC detects a read error (Incor- 
rect CRC) in one of the 10 Fields, it sets the Status Register 
15 DE (Data Error) flag to 1 (high), and terminates the 
Write Data Command. (Status Register О also has bits 
7 and 6 set to 0 and 1 respectively.) 


The Write Command operates in much the same manner 
as the Read Command. The Following items are the 
· same; refer to the Read Data Command for details. 


@ Transfer Capacity 

EN (End of Cylinder) Flag 

ND (No Data) Flag . \ 

Head Unload Time Interval 

ID information when the processor terminates com- 
mand. | 

€ Definition of DTL when N = О and when N #0 


іп the Write Data mode, data transfers between the 
processor and FDC must occur every 31 us in the FM 
mode, and every 15 us in the MFM mode. И the time 
interval between data transfers is longer than this then 
the FDC sets the Status Register 1's OR (Over Run) flag to 
1 (high), and terminates the Write Data Command. 


For Mini-floppies, multiple track writes are usually not 
permitted. This is because of the turn-off time of the 
erase head coils — the head switches tracks before the erase 
head turns off, Therefore the system should typically 
wait 1.3 ms before attempting to step or change sides. 


Write Deleted Data 


This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data 
Address Mark. | | 


Read Deleted Data 


This command is the same as the Read Data Command 


except that when the FDC detects a Data Address Mark 
at the beginning of a Data Field and SK = 0 (low), it will 
read all the data in the sector and set the Status Register 
2's CM flag to 1 (high), and then terminate the command. 
If SK = 1, then the ЕОС skips the sector with the Data 
Address Mark and reads the next sector. 


Read A Track 


This command is similar to READ. DATA Соттапа 
except that the entire data field is read continuously 
from each of the sectors of a track. Immediately after 
encountering the INDEX HOLE the РОС starts reading 
al! data fields on the track as continuous blocks of data. 
№ the FDC finds an error in the ID or DATA CRC check 
bytes, it continues to read data from the track. The FDC 
compares the ID information read from each sector 
with the value stored in the IDR, and sets the Status 
Register 1's ND flag to 1 (high) if there is no comparison. 
unloaded state), waits the specified, head, setting time 
in the ID Register. (IDR) compares with the sector. 


This command terminates when EOT number of sectors 
have been read. !f the FDC does not find an ID Address. 
Mark on the diskette after it encounters the INDEX HOLE 
for the second time, then it sets the Status Register 1's 
MA (missing address mark) flag to 1 (high), and terminates 
the command. (Status Register O has bits 7 and 6 set to: 
O and 1 respectively.) 


Read ID 


The READ ID Command is used to give the present 
position. of the recording head. The FDC stores the 
values from the first ID Field it is able to read. |f no 


proper 10 Address Mark is found on the diskette, before 


the INDEX HOLE is encountered for the second time 
then the Status Register 1's MA (Missing Address Mark) 
flag is set to 1 (high), and if no data is found then the 
Status Register 1's ND (No Data) flag is also set to 1 (high), 
and the command is terminated. 


Format A Track 


Тһе Format Command allows an entire track to ре: 
formatted. After the INDEX HOLE is detected, Data 
is written on the Diskette: Gaps, Address Marks, ID 


Fields and Data Fields, all as per the ІВМ System 34 . . 


(Double Density), or System 3740 (Single Density). The 
Format is recorded. The particular format which will be 
written is controlled by the values programmed into N 
(number of bytes/sector), SC (sectors/cylinder), GPL (Gap 
Length), and D (Data Pattern) which are supplied by the 
processor during the Command Phase. Тһе Data Field is 
filled with the Byte of data stored in D. The ID Field for 
each sector is supplied by the processor, thus is, four data 
requests per sector are made by the FDC for C (Cylinder | 
Number), H (Head Number), R (Sector Number) and N: 
(Number of Bytes/Sector). This allows the diskette to be 
formatted with nonsequential sector numbers, if desired. 
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After formatting each sector, Ше processor must send 
new values for C, H, В, апа М to the UM8398 for each 
sector on the track. Тһе content of the В Register is 
incremented by one after each sector is formatted, thus, 
the В register contains a value of В + 1 when it is read 
during the Result Phase. This incrementing апа 
formatting continues for the whole track until the FDC 
encounters the INDEX НОГЕ for the second time, 
whereupon it terminates the command. 


If a FAULT signal is received from the FDD at the end 
of a write operation, then the FDC sets the Status 
Register Оз EC flag to 1 (high), and terminates ‘the 
command after setting bits 7 and 6 of Status Register O 
to О and 1 respectively. Also the loss of a READY 
signal at the beginning of a command execution phase 
causes command termination. 


Table 4 shows the relationship between N, SC, and GPL 
for various sector sizes: 


Table 4. Sector Size Relationships 


Format Sector Size N SC GPL!  СРЦ2.3 


8'' Standard Floppy 


128 bytes/sector 


0 ЈА 07 18 


ЕМ Моде 


Ба“ Ми! Норру 


1 C8 FF 
12 07 09 


FM Mode 


128 bytes/sector 
FM Mode 256 
512 


Notes: 

1 Suggested values of GPL in Read or Write commands to avoid 
splice point between data field and ID field of contiguous 
sections. 

Suggested values of GPL. in format command. 

· All values except sector size are hexidecimat. 

In MEM mode FDC cannot perform а Read/Write/format 
operation with 128 bytes/sector. (М = 00). 





During the Command Phase of the Seek operation the 
FDC is in the FDC BUSY state, but during the Execution 
Phase it is in the NON BUSY state. While the FDC is in 
the NON BUSY state, another Seek Command may be 
issued, and in this manner parallel Seek operations may 
be done on up to 2 Drives at once. 


Н ап FDD is in a NOT READY state at the beginning of 
the command execution phase or during the Seek opera- 
tion, then the Status Register O's NR (NOT READY) 
flag is set to 1 (high), and the command is terminated. 


Note that the UM8398 Head and Write Commands do 
not have implied Seeks. Any R/W command should be 
preceded by: 1) Seek Command; 2) Sense Interrupt 
Status, and 3) Read ID. | 


Recalibrate 


This command causes the read/write head within the 
FDD to retract to the Track O position. The FDC clears 
the contents of the PCN counter, and checks the status 
of the Track 0 signal from the FDD. Аз long as the Track 
O signal is low, the Direction signal remains 1 (high) and. 
Step Pulses are issued. When the Track 0 signal goes high, 
the Status Register O's SE (SEEK END) flag is set to 1 
(high) and the command is terminated. If the Track 
O signal is stil! low after 77 Step Pulses have been issued, 
the FDC sets the SE (SEEK END) and EC (EQUIPMENT 
CHECK) flags of Status Register O to both 1s (highs), and 
terminates the command. 


` The ability to overlap RECALIBRATE Commands to 


multiple FDDs, and the loss of the READY signal, as 
described in the SEEK Command, also applies to the 
RECALIBRATE Command, 


Sense Interrupt Status 


An Interrupt signal is generated by the FDC for one of 
the following reasons: 


1. Upon entering the Result Phase of: 
Read Data Command 

. Read a Track Command 
Read ID Command 

. Read Deleted Data Command 

. Write Data Command 

Format a Cylinder Command 

. Write Deleted Data Command 

. Scan Commands 

2. Ready Line of FDD changes state 

3. End of Seek or Recalibrate Command 

4. During Execution Phase in the NON-DMA Mode 


љо ноосоо со 


Interrupts caused by reasons 1 апа 4 above occur during 
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normal command operations and are easily discernbile 
by the processor. However, interrupts caused by reasons 
2 and 3 may be uniquely identified with the aid of the 
Sense Interrupt Status Command. This command when 
issued, resets the interrupt signal and via bits 5, 6, and 
7 of Status Register О identifies the cause of the in- 
terrupt. 


Neither the Seek nor Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense inter- 
rupt Status Command after these commands to effectively 
terminate them and to provide verification of the head 
position (PCN). 


Table 5. Seek, Interrupt Codes 


Seek End | !nterrupt Code 
Bit 5 Cause 
Bit 6 Bit 7 
1 Ready Line changed 
state, either polarity 
Normal Termination 
1 of Seek or Recalibrate 
EMBED 











Command 


Abnormal Termination of 
Seek or Recalibrate 
Command 






Specify 


The Specify Command sets the intial values for each of 
the three internal timers. The HUT (Head Unload Time) 
defines the time from the end of the Execution Phase of 
one of the Read/Write Commands to the head unload 
state. This timer is programmable from 16 to 240 ms 
in increments of 16 ms (01 = 16 ms, 02 = 32 ms... OF = 
240 ms). The SRT (Step Rate Time) defines the time 
interval between adjacent step pulses. This timer is pro- 
grammable from 1 to 16 ms in increments of 1 ms (F = 1 


Table 6. Status Register 


Description 


Interrupt D, = 0 and О, = 0 

Code Normal Termination of Command, 
(NT). Command was com- 
pleted and properly executed. 


D, = 0 and D, = 1 

Abnormal Termination of Com- 
mand, (AT). Execution of Com- 
mand was started, but was not 
successfully completed. 





ms, E = 2 ms, D = 3 ms, etc.). The HLT (Head Load Time) 
defines the time between when the Head Load signal 
goes high and when the Read/Write operation starts. This 
timer is programmable from 2 to 254 ms in increments 
of 2 ms (01 = 2 тв, 02 = 4 ms, O3 = 6 т... FE = 254 ms). 


The step rate should be programmed 1 ms longer than 
the minimum time required by the drive. 


The time intervals mentioned above are a direct function 
of the clock. Times indicated above are for ап 8 MHz 
clock, if the clock was reduced to 4 MHz then all time 
intervals are increased by a factor of 2. 


The choice of DMA or NON-DMA operation is made by 
the ND (МОМ-ОМА) bit. When this bit is high (ND = 1) 
the NON-DMA mode is selected, and when МО = O the 
DMA mode is selected. 


Sense Drive Status 


This command may be used by the processor whenever 
it wishes to obtain the status of the FDDs. Status Register 
3 contains the Drive Status information. 


Invalid 


If an invalid command is sent to the FDC (a command 
not defined above), then the FDC will terminate the 
command. Мо interrupt is generated by the UM8398 
during this condition. Bit 6 and bit 7 (DIO and ROM) 
in the Main Status Register are both high (717) indicating 
to the processor that the UM8398 is in the Result Phase 
and the contents of Status Register O (STO) must be read. 
When the processor reads Status Register O it will find an 
80H Indicating an invalid command was received. 


A Sense interrupt Status Command must be sent after a 


Seek or Recalibrate interrupt, otherwise the FDC will 
consider the next command to be an invalid Command. 


In some applications the user may wish to use this com- 
mand as a No-Op command, to place the FDC ina stand- 
by or no operation state. 


STATUS REGISTER 0 (CONT.) 
О. = 1 and D, = 0 
Invalid Command issue, (IC). 


Command which was issued 
was never started. 


D, = 1 and D, = 1 

Abnormal Termination because 
during command execution the 
ready signal from FDD changed 
state. 
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Table 6. Status Registers (Continued) 


Description 


o 
< 
3 
ІН 


Мате 


STATUS REGISTER 0 (СОМТ.) 


5еек End 


Equipment 
Check 


Not Ready 


When the FDC completes the 
SEEK Command, this Над is 
set to 1 (high). 


O 


if a fault Signal is received from 
the FDD, or if the Track 0 Signal 
fails to occur after 77 Step Pulses 
(Recalibrate Command) then 
this flag is set. 


When the FDD is in the not-ready 

state and a read or write сот- 

mand is issued, this flag is set. 

If a read or write command is 

issued to Side 1 of a single sided 
drive, then this flag is set. 

Head 


This flag is used to indicate the 
Address state of the head at Interrupt. 
Unit Select 1 | US 1 These flags are used to indicate a 
Unit Select 0 | 050 Drive Unit Number at Interrupt 


STATUS REGISTER 1 


22 


End of When the FDC tríes to access a 
Cylinder Sector beyond the final Sector 
Not used. This bit is always O 
(low). 
When the FOC detects a CRC 
error in either the ID field or the 
Over Run If the РОС is not serviced by 
the main-systems during data 
| transfers, within a certain time 
interval, this flag is set. 
Bhce Not used. This bit always O (low). 
No Data During execution of READ DATA, 
WRITE DELETED DATA or SCAN 
Command, if the FDC cannot 
find the Sector specified in the 
IDR Register, this flag is set. 
During executing the READ 10 
Command, if the FDC cannot 
read the ID field without an 
error, then this flag is set. 
During the execution of the 
READ A Cylinder Command, if 
the starting sector cannot be 
found, then this flag is set. 
Missing if the FDC cannot detect the 10 
Address Address Mark after encountering 
Mark the index hole twice, then this 


of a Cylinder, this flag is set. 
Data Error 
data field, this flag is set. 
Not During execution of WRITE DATA 
Writable WRITE DELETED DATA or 
Format A Cylinder Command, if 
the FDC detects a write protect 
signal from the FDD, then this 
flag is set. 
flag is set. 









STATUS REGISTER 1 (CONT.) 


Missing MA 
Address 
Mark 


STATUS REGISTER 2 





Description 












If the FDC cannot detect the Data 
Address Mark or Deleted Data 
Address Mark, this flag is set. 
Also at the same time, the MD 
(Missing Address Mark in Data 
Field) of Status Register 2 is set. 




































MS UNE Not used. This bit is always O (low.) 
Control During executing the READ 
Mark DATA or SCAN Command, if 
the FDC encounters a Sector 
which contains a Deleted Data 
Address Mark, this flag is set. 
Data Error in If the FDC detect a CRC error in 
Data Field the data field then this flag is set. 
Wrong This bit is related with the ND bit. 
Cylinder and when the contents of C on 
the medium is different from that 
stored in the IDR, this flag is set. 
Scan Equal During executing the SCAN Com- 
Hit mand, if the condition of “equal” 
js satisfied, this flag is set. 
Scan Not During executing the SCAN Com- 
Satisfied mand, if the FDC cannot find a 
Sector on the cylinder which meets 
the condition, then this flag is set. 
Bad This bit is related with the ND bit, 
Cylinder and when the content of C on the 
medium is different from that 
stored in the IDR and the content 
of C is FF, then this flag is set. 
Missing When data is read from the medium, 
Address if the FDC cannot find a Data 
Mark in Address Mark or Deleted Datə 
Data Field Address Mark, then this flag is set. 


STATUS REGISTER 3 


This bit is used to indicate the status 
of the Fault signal from the FDD. 


This bit is used to indicate the 
status of the Wrjte Protected 
signal from the FDD. 


This bit is used to indicate the status 

of the Ready signal from the FDD. 
Track 0 This bit is used to indicate the status 

of the Track 0 signal from the FDD. 





Fault 


Write 
Protected 





Ready 


Two Side This bit is used to indicate the status 
of the Two Side signai from the FDD. 

Head This bit is used to indicate the status 

Address of Side Select signal to the FDD. 

Unit Select 1 This bit is used to indicate the status 
of the Unit Select 1 signal to the FDD 

Unit Select О | USO | This bit is used to indicate the status 
of the Unit Select 0 signal to the ҒОО 
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Timing Waveforms 
Processor Read Operation 





DMA Operation 





FDD Write/Read Operation 





Application Notes 


A: General Description 


The UM8398 is a VLSI Floppy Disk Controller (FDC) 
chip, which contains the circuitry and control functions 
for interfacing a processor up to 2 Floppy Disk Drives. 
It is capable of supporting 360K Bytes, 1.2M Bytes (іп 
Ба“ diskette drives), 720K Bytes, апа 1.44M Bytes (іп 
3%” diskette drives) FDDs using FM/MFM-coded, double 
sided recording. The UM8398 provides all the functions 
of the UM8272A, internal data separator (UM8326B), 





Processor Write Operation 





Terminal Count , Reset , Index 


inal Count д қ 
Terminal Coun trc 
(Резе! | 
Вт 


Їїлдех 


Звек Орегапоп 


Direction 





write precompensation circuit, address decoder, clock 
& timing control circuit, and other control logic. Therefore, 
it 15 very easy to implement into a FDC card or main board 
since only З components (UM8398*1, 7406*2) are need- 
ed in the IBM PC XT/AT drive system. 


The address decoder of |)М8398 is switchable by 
setting ріп 29 of UM8398. If ріп 29 is set to 1 (high), 
then the 1/О address of the UM8398 is selected in the 
primary drive group address (3F1—3F7, 1F7) described 
in Table А-1. 
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Table A-1 1/O addresses of the UM8398 registers 















Drive type register 
| Digital output register 
Main status register 

Diskette data register 
Transter rate register 






Main status register 
Diskette data register 
Digital input register 


| 


* Fixed disk function 















IBM PC Slot +5V ш 

А2 
aqu — = 
үзін анна т а аа к ЕСЕН 
А ые саг Е, 
ap c 
Rs кокк ЕНЕН 
PE налет а ы 
ара ав Пе 

Хүү Бакыт шасына аты қан 

А22 

бі БЕРЕН ИНК 

А25 

А27 

а Fe a 

е Банан а 

eee a 


B22 
B26 
827 


*if OSC = 24MHz for РС/АТ 1.2М, 720K, 360K FDD 
if OSC = 12MHz for PC/XT 360K, 720K FDD 


0М8398 


B: PC/AT Application 

The UM8398's registers described in Table A-1 are the 
same as the PC/AT floppy disk controller's. Therefore, 
the UM8398 can be directly implemented into the FDC 
card of the PC/AT to support 1.2M, 720K, 360K Bytes 


-ЕОО with only 3 components (UM8398*1, 7406*2) 


needed. The application circuit is shown in Figure A-1. 


FDD 


M 
е 


N 
N 
| 
= 
т т 
() () 
У У 
° С.) С) 
= Зо 
о 


у 
ә 
У 


+ 5М 


M 
У 
Q 


| x 
| 


v 

О 
оз 
~ 


+ 5М 2200 


4.7K 


| 


+5V 





OSC 24М/12М" 


“сс 


Figure А-1 РС/АТ (1.2М, 720K, 360К FDD) and PC/XT (360K, 720K FDD) Application Circuit 


C: PC/XT Application 


If the UM8398 is implemented into the FDC card of the 
PC/XT to support 360K Byte and 720K Byte FDD, the 
application circuit is the same as the PC/AT's of the 
UM8398 except that the frequency of the oscillation 
circuit has to be 12 MHz. 


ғ the UM8398 is used to support 1.2M, 720K, 360K 
Byte FDD in the PC/XT, then an additional FDC program 
15 needed to control the 1.2M Byte ЕРО since the PC/XT 
BIOS doesn't support the 1.2M Byte FDD. During the 
FDD operation, this additional BIOS reads the contents 
of the UM8398's Drive Type Register set by ріп 30 and 
pin 31, thus selects the drive to be 1.2M or 360K Byte 
FDD. 


The contents of the UMB8398's Hard Disk Status Register 
will be checked when system BIOS executes self-test. This 
register's bit 7 should be high by setting pin 32 to high when 
the PC system has no Hard Disk Control card, otherwise 
the register's bit 7 should бе (ом by setting pin 32 to low. 


Table A-2 Shows the definition of pins 30, 31, and 32. 


Table A-2 


"1" High density High density Without HDC in system 
“0% Double density | Double density |With HDC in system 
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РС/ХТ 1.2M, 720K, 360K FDD Application Circuits 


ІВМ PC ‘slot 















































FDD 

7406 
A2 dd м 45V 2200 au : 
foe s Mio so | 8908 рю 
м1, в ге ERT a Aa 
p cs: 22221027 eee 7 
e  À — ——— —— г Mose 
да ДЕК ТС 2201 
A Meu cM T | 
ар — Г Т MI S| 
е > Эг >° 2 
кај 2-і ав dos 
“рс з ЕВЕ зт [ ары зай RR = 
А24 12 А7 1-20 03300 | дй 
Дал 0M8398 2) ©з 2128 
бс гоо „буг 200 02-71% 
pcc om шог 122 3300 
А28 17 АЗ нос 32 
eor H/D A 
АЗО 19 А1 Н/О В 30 
pm crc Es 
vd АРНАСЫ НАНМЕН 5 ` 1 


822 

826 

B27 

* SW1 = 
* SW2 = 
* SW3 = 
* SW4 = 


IBM PC slot 







22 ова DACK 27 
23 TOW IRO 26 
24 ТОН GND 25 


330 


8 
: Primary Drive group улаар 
: Driver В is high density Опме.(1.2М Bytes) 
: Driver A is high density Drive.(1.2M Bytes) Би 2-3 
without НОС in system. ищи 


+5V : 
Figure A-2 






A3 
A4 
AS 
A6 
A7 
АВ 
„Г оо» = 
АЗ1 АО DO 
ъз 2 D: 
о. 5 
г л 25 PE йн 
а. + 
А25 А6 06 
‚ 2 2 пина и си 
А ан? мес 
К ы =, ЕР [22 
ог 20 y 
A19 A12 CE CC 
A19 
2221-2021: 
А17 
А16 

е Seed 


* The decoder address is САООО 


Figure A-3 PC/XT BIOS ROM circuit 
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Ordering Information 


Operating 


0М8398 481 DIP 
0М839811 -1 52 PLCC 
0М83981-2 , 68 PLCC 
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Part No. 





UM2661 


UM6522/A 
UM6532/A 
UM6551 


UM82C01 
UM82C11-C 
UM82C450 
UM82C451 


UM82C452 
UM82C550 


UM82C8167 
UM82C852 
UM82450 
UM8250A 
UMB250B 


Description Page 


Enhanced Programmable Communications 


wuerface {ЕРЕ uL re i a шы "A 23 
Versatile Interface Adapter |(МІА).......................... ... 5-18 
RAM, НО, Timet Atay Lose esses paa мырышы. 5-35 


Asynchronous Communication Interface 
Adapter КЛА. байаа | 


Capacitance Keyboard Encoder ICKE}. — n t: 5 
Printer Adapter Interface [PAIJ.................................. 
Asynchronous Communication Element (АСЕ) 


Parallel/Asynchronous Communication 
CHANIPI га И Ион к EE К 


Single Chip МОНЧО... «аймаг 4.62... 


Asynchronous Communications Element 
МАТА ее. L. u kia УА 


Heure Clock ПТО олени 
АНШИ ИО POD: ЖИН йды ICON e 
Asynchronous Communication Element (ACE) ......... 
Asynchronous Communication Element (АСЕ) 
Asynchronous Communication Element (АСЕ) 


Peripherals 
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Enhanced Programmable Communications 


Interface (EPCI) 





Features 


Synchronous Operation 
Ш 5 to 8-bit characters plus parity 
Single or double SYN operation 
Internal or external character synchronization 
Transparent or non-transparent mode 
Transparent mode DLE stuffing (Tx) and detection 
. (Rx) 
Automatic SYN or DLE-SYN insertion 
SYN, DLE and DLE-SYN stripping 
ода, even, or no parity 
Local or remote maintenance loop back mode 
Baud гате: ОС to 1M bps (1X clock) 


Asynchronous Operation 

5 to 8-bit characters plus parity 

1, 1% or 2 stop bits transmitted 

Odd, even, or no parity 

Parity, overrun and framing error detection 
Line break detection and generation 

False start bit detection 


Pin Configuration 








Block Diagram 


DATA BUS 
00-О? 
021 11 28| 101 
03 | 12 27 | 100 RESET 
RxD | 13 26 | 1 Усс АО 
GND С 14 25 | | RxC/BKDET A1 
04 | [5 24| 1 ОТА RA 
05 L 16 23| | RTS СЕ 
06 [47 224 | DSR 
D7 18 21 | | ВЕЗЕТ "T 
TxC/SYNC | |9 20| | BRCLK +€ 
АТ | [109 19 L_! TxD RxC 
СЕ| 111 18 | | TxEMT/DSCHG 
^o [| 12 17 1615 DSR 
RA [ {13 161 | осо = 
RxRDY | 14 15 | | TxRDY RTS 
DTR 
TxEMT/DSCHG 
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Automatic serial echo mode (echoplex) 

Local or remote maintenance loop back mode 
Baud rate: DC to 1M bps (1X clock) 

— DC to 62.5K bps (16X clock) 

— DC to 15.625K bps (64X clock) 


Other Features 

Internal or external baud rate clock 

3 baud rate sets UM2661—1, —2, —3 

16 internal rates for each set 

Double buffered transmitter and receiver 
Dynamic character length switching 

Full or half duplex operation 

TTL compatible inputs and outputs 

RxC and ТХС pins are short circuit protected 
3 open drain MOS outputs can be wire-ORed 
Single 5V power supply 

No system clock required 











SYN/DLE 











DATA BUS 
BUFFER SNNT 
REGISTER 


ДЕЛГЕН 
REGISTER 
DLE 
REGISTER 


TRANSMITTER 






OPERATION 
CONTROL 


MODE 
REGISTER 1 
MODE 
REGISTER 2 















COMMAND TRANSMIT — — 
REGISTER DATA TxRDY 
я | STATUS HOLDING 
REGISTER REGISTER 
TRANSMIT TxD 
SHIFT 
BAUD-RATE : 
GENERATOR 
О RECEIVER 
RECEIVE ЧЕБЕРИ 
ОАТА ° RxRDY 
9 HOLDING 
x REGISTER 
RxD 
] me Cn 
сі CONTROL REGISTER 
ә 
O 
Figure 1. Internal Block Diagram 


ИМЕ 


ИО Апа 


22 
< 
v 
4; 

2 

а 
© 
Ч 

0. 











UM2661 





Absolute Maximum Ratings * 


Supply Voltage Veg .............. —0.3V to *7.0V 
Input/Output Voltage Viy .......... —0.3V to *7.0V 
Operating Temperature Тәр қана и OPO O20 6 
Storage Temperature Тт; Мт babs 8B 64915056 


DC Characteristics 
(Усс = 5.0% + 596, TA = 0-70°С, unless otherwise noted) 








Input Low Voltage ын 


Output High Voltage: || одр = —400 HA 


Input Capacitance: Е = 1 MHz 


Receiver/Transmitter Signal Timing 


CLOCKS 


BRCLK ` 





RECEIVER TIMING 


х X29 CK 
RELL 2502522 
2 20480804200; 
LEER га: ох ж 


02) 040, 
Sete ооо 





Symbol 
Input High Voltage 


Input Leakage Current 
Vin = 0 to 5.5V 

Input Leakage Current for High (тз 
Impedance State 

Output Low Voltage: || одр = 2.2 mA mw 


Output Capacitance 
Power Dissipation (Vcc = 5.25V) nim 


*Comments 


Stresses above those listed under ‘‘Absolute Maximum 
Ratings" may cause permanent damage to the device. 
· These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 





TRANSMIT TIMING 


1.16 OR 64 CLOCKS 


TxC 
(INPUT) 


їтхр T 


TxD 
TxD 


TxC 
(OUTPUT) 





ТхС or RxC HIGH 
ТхС ог RxC LOW 
ТХС ог ВХС freq. 
BRCLK HIGH 
BRCLK LOW 
BRCLK freq. (1) 


RxD SETUP 

RxD HOLD 

TxD DELAY FROM 
TxC 

С; = 150 pF 

SKEW TxD vs TxC 
Сі = 150 pF 





Note: fare = 4.9152 applicable for -1 and -2, “вас = 5.0688 for -3. 
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Read/Write Timing Characteristics 
{Vee = 5.0V + 5%, TA = 0-70°С, unless otherwise noted) 


СЕО ——— — — —— 









‘CE NT 
Symbol Characteristics 
CE — e | 
CE Pulse Width 
222 
СЕ to CE Delay 
Address and R/W 
УСАНА i LAA AKAM MM v" 9 e, 
АО, А1 559 (659555565666 бет Ор 
R/W 54 ОКО : = 
Фе - . OOO ы 
X22222] босоо ох ХХӨХХХ Address апа R/W Hold 
tHLo Write Data Set Up 
. 
Write Data Ноја 
AARRE ООС 
00-07 СОЯ ) SONOS 0090908950 0 9 4 9 0 00090959 Read Data Delay 
WRITE «990505906556 555525055565550506%0656%0006 
СОО ООС “ммм САО CL - 150 рЕ 
Юн READ DATA HOLD 
С! = 150 pF 
D 07 О А 
O- 
в 
БАО МОТ VALID 
R A СОК 
ФЕ 














Synchronizing 


Character(s) 
Sequence 


Character НИ Stripped CR7-0, CR6-1 























Double SYN 
Normal 


SYNI 
SYN1-SYN2(1) 









SYNI-SYN2 | SYN1-SYN2 
Single SYN 


SYN1 SYN1 
Normal 


Double SYN | SYN1-SYN2 DLE-SYN1 
Transparent 


Single SYN | SYNI DLE-SYN1 


Transparent 
Symbol indicates SYN DET status set upon detection of initial synchronizing characters and after SYNC has been 
achieved by detection of DLE-SYN1 pair. ши 


5УМТ (1) 
















ОГЕ-5УМ1 (1) 
SYN1-SYN2(1) (Only Initial Synchronizing 
Sequence) 

DLE (also Sets SR3 it is Parity Disabled and 
not Following a DLE or SYN1) нэ 
In a DLE-DLE Sequence Only the First DLE 
is Stripped 















ПО And 
Peripherals 









DLE-SYN!1 (1) љ o 
SYN1 (only Initial Synchronizing Sequence) 
DLE and DLE-DLE same as Double SYN 
Transparent 



















Note: 


Test Load Бу OPEN COLLECTOR 


OUTPUT TEST LOAD 


5 
2.4kQ ч 


РІМ зко 


РМ 





C= 130 рғ МАХ, FOR 00.07 
С= ЗОРЕ МАХ. FOR ALL OTHER OUTPUTS 
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Timing Waveforms 





SYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY 


RxEN | | Е 


СЕ 
WRITE ENABLE _ READ SR READ SR READ RxHR READ RxHR READ RxHR ВЕАО ВХНВ READ RxHR 
RECEIVER/SET БТА DATA 1 DATA 2 DATA 3 DATA 4 DATA 5 
RxRDY Di D2 03 04 
SYN DETECT 


SR BIT 5 | | 


Figure 2. Receiver Operation Timing Diagram 


ASYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY, 1 STOP BIT 


RxEN | 


MARK 


= 
с 
RxD (721 H 
o 
CE 
WRITE ENABLE READ RxHR READ RxHR READ RxHR READ RxHR 
RECEIVER/SET DTR DATA 1 DATA 2 DATA 3 DATA 5 
DATA 4 LOST 
RxRDY 


OVERRUN Г. 
SRBIT A 


Figure 3. Receiver Operation Timing Diagram 
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Timing Waveforms (Continued) 


SYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY 


RxC (1X) 


CE 


WRITE DATA 1 МАНЕ ОАТА 2 WRITE DATA 3 WRITE DATA 4 WRITE DATA 5 


TxEN | | 
TxRDY | | | | | | | | | | | | 
ТхЕМТ | | 


Figure 4. Transmitter Operation Timing Diagram 


ASYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY, 1 STOP BIT 


TART 


MARK 
TxD DATA 1 5 ОАТА 2 ОАТА 3 ОАТА 4 
к 
о 


5 


СЕ 
WRITE DATA 1 WRITE DATA 2 WRITE DATA 3 WRITE DATA 4 WRITE FOR LE BREAK CMO 
TxEN ПРЕ (авва I 77 с о - 
ТхЕМ 


TxRDY | | | | | | | 
TxEMT | | 


Figure 5. Transmitter Operation Timing Diagram 
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Timing Waveforms (Continued) 





ASYNCHRONOUS RECEIVER OPERATION 


STOP 
START 


RxEN OR 
SR BIT 6 (DCO) 
RxRDY | | | | | 


СЕ READ | ВЕАО ВЕАО 
DATA М DATA N*1 DATA N+2 


Figure 6. With Loss of DCD or Disabling RXEN 


ASYNCHRONOUS RECEIVER OPERATION 


RxC 
MISSING STOP BIT 
H 112 РА [7 112 43.141518 
ale FALSE START BIT | 
RxD РІ 112 3 5.5.6.7 
п 


SR ВИ 5 
FRAMING ERROR 
BKDET | 


Figure 7. Framing Error and Break Detection Timing 
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. Table 2. Baud Rate Generator Characteristics 
“ОМ2661-1 (BRCLK = 4.9152 MHz) 


ЕЕ = ШШШ" 
а ате 16Х Соск (КН: 








































0 0 0 

0 0 0 | | —$ 

0 0 1 0 1.7598 
0 0 1 1 2.152 
0 1 0 0 2.4 

0 1 0 1 3.2 

0 1 1 0 4.8 
о. 1 1 1 9.6 

1 0 0 0 16.8329 
1 0 0 1 19.2 

1 0 1 0 28.7438 
1 0 1 1 31.9168 
1 1 0 0 38.4 

1 1 0 1 76.8 

1 1 1 0 153.6 

1 1 1 1 307.2 










.UM2661-2 (BRCLK = 4.9152 MHz) 


_________мвг | Actual Frequency 
— Ес LE em 16X Clock (KHz) 





















0 0 0 0. D 

0 0 0 | 

0 0. 1 0 : р 

0 0 1 1 1.7598 

0 1 0 0 2.152 

0 1 0 1 24 

0 1 1 0 48 

0 1 1 1 9.6 

1 0 0 0 19.2 

1 0 0 1 28.7438 

1 0 1 0 31.9168 

1 0 1 1 38.4 3 

1 1 0 0 76.8 5 

1 1 0 1 153.6 ET 

1 1 1 0 307.2 а 

1 1 1 1 614.4 x 
ай 





UM2661-3 (ВАСЕ К = 5.0688 MHz) 


Divisor 


– >о—–оо——>оо–-=оо 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 





. Note: 16Х CLK is used іп asynchronous mode. In synchronous mode, clock multiplier is 1X and BRG can be used only 
tor T x C 
5—9 


Соме 


UM2661 





Signal Descriptions 
CPU Interface 


Reset (Reset) 

A high on this input performs a master reset on the 
UM2661. This signal asynchronously terminates any 
device activity and clears the mode, command and status 
registers, Тһе device assumes the idle state and remains 
there until initialized with the appropriate control words. 


А0, A1 (Address 0, 1) 
Address lines used to select the internal registers. 


R/W (Read/Write) 

The direction of data transfers between the EPCI and the 
CPU is controlled by the RAW input. When CE and R/W 
are both low the contents of the selected registers will be 
transferred to the data bus. With CE low and R/W high a 
write to the selected register is performed. 


CE (Chip Enable) 

When low, the selected register will be accessed. When 
high the DO-D7 lines wil! be placed in the high impedance 
state. 


DO-D7 (Data Bus) 

An 8-bit three-state positive true data bus used to transfer 
commands, data and status between the EPCI and the 
CPU. 


TxRDY (Transmitter Ready) 

This output is the complement of status register bit SRO. 
When low, it indicates that the transmit data holding 
register (TxHR) is ready to accept a data character from 
the CPU. It goes high when the data character is loaded. 
This output is valid only when the transmitter is enabled. 
It is an open drain output which can be ‘‘wire-ORed” to 
the CPU interrupt. 


RxRDY (Receiver Ready) 

This output is the complement of status register bit 5Р1. 
When low, it indicates that the receive data holding register 
(RxHR) has a character ready for input to the CPU, | 
goes high when the RxHR is.read by the CPU and also 
when the receiver is disabled. It is an open drain output 
which can be '*wire-ORed"' to the CPU interrupt line. 


TxEMT/DSCHG 

This output is the complement of status register bit SR2. 
When low, it indicates that the transmitter has completed 
serialization of the last character loaded by the CPU, or 
that a change of state of the DSR or DCD inputs has 
occurred. This output goes high when the status register 
is read by the CPU if the TxEMT condition does not 
exist. Otherwise, the TxHR must be loaded by the CPU 
for this line to go high. It is an open drain output which 


can be “wire OR-ed'' to the CPU interrupt line. 
Transmitter/Receiver Signals 


BRCLK (Baud Rate Clock) 

Clock input to the internal baud rate generator. This is 
not required when external receiver and transmitter clocks 
are used. 


RxC/BKDET (Receiver Clock, Break Detect) 

When the EPCI is programmed for External Receiver 
Clock, this pin will act as an input and control the rate 
at which a character is received. Тһе frequency is 
programmed in Mode Register 1 and may be 1X, 16X or 
64X the baud rate. Data are sampled on the rising edge. 
If internal Receiver Clock is programmed this pin will 
provide an output, either a 1X/16X clock or Break Detect 
signal determined by programming Mode Register 2. 


TxC/XSYNC (Transmitter Clock/External SYNC) 

When the EPCI is programmed for External Transmitter 
clock, this pin will act as an input and control the rate at 
which the character is transmitted. Тһе frequency is 
programmed in Mode Register 1 and may be 1X, 16X or 
64X the baud rate. Data changes on the falling edge of this 
clock, If the UPCI is programmed for Internal Transmitter 
clock, this pin can be either an output providing a 1X/16X 
clock or an input for External Synchronization determined 
by Mode Register 2 programming. | 


RxD (Receive Data) 
RxD is the serial data input to the receiver. 


TxD (Transmit Data) 

TxD is the serial data output from the transmitter. When 
the transmitter is disabled the output will be in the high, 
"Mark", state, 


DSR (Data Set Ready) 

DSR is an input that can be used to indicate to the UPCI 
Data Set Ready or Ring Indicator. 115 complement appears 
in the Status Register as bit 587. А change of state оп 
DSR will cause TXEMT/DSCHG to go low if either СВО or 
CR2=1. 


DCD (Data Carrier Detect) 

The DCD input must be low for the receiver to operate. 
If DCD goes high while receiving, the ВХС is internally 
inhibited, The complement of DCD appears in the Status 
Register as bit SR6. A change of state in DCD will cause 
TxEMT/DSCHG to go low if either CRO or CR2=1. 


CTS (Clear To Send) 

The CTS input must be low for the transmitter to operate. 
If CTS goes high while transmitting, the character currently 
in the Transmit Shift Register will be transmitted before 
termination, TxD will then go to the high level (Mark). 
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DTR (Data Terminal Ready) 
The DTR output is the complement of СВТ. И is normally 
used to indicate Data Terminal Ready. 


RTS (Request To Send) 

The RTS output is the complement of СВБ. И the 
Transmit Shift Register is not empty when СНБ is reset, 
RTS will not go high until one TxC after the last serial 
bit is transmitted. 


Functional Description 


The internal organization of the EPCI consists of six major 
blocks, (see Fig. 1). These are the Transmitter, Receiver, 
Clock Control, Operation Control, Modem Control and 
SYN/DLE Control. These blocks internally communicate 
over common data and control buses. The data bus is also 
linked to the CPU via a bi-directional three-state interface. 
Briefly, these blocks perform the following functions: 


Transmitter 

The Transmitter receives parallel data from the CPU and 
converts it to a serial bit stream, inserting Start, Stop, and 
Parity bits, as selected by the user, and outputs a composite 
serial data stream, 


Receiver 
The Receiver accepts serial data from the sending device, 
converts, it to parallel format checking for appropriate 
Start, Stop and Parity bits and Control Characters, as 
selected by the user, and sends the assembled character to 
the CPU. 


Timing Control 

The Timing Control block contains a programmable Baud 
Rate Generator (BRG) which is able to accept external 
Transmit (TxC) or Receiver (RxC) clocks or to divide 
external clock (BRCLK) for controlling data transfers. 
The BRCLK input allows the user to program one of 16 
commonly used baud rates. 


Operating Control 

The Operation Control block contains four registers; 
Mode Registers 1 and 2, (МВ1, MR2) the Command 
Register (CR) and Status Register (SR). These registers 
are used to store configuration and operation commands 
from the CPU. They generate the necessary internal 
control signals for proper device operation, and maintain 
status information for the CPU. 


Modem Control 

The modem control section provides interfacing for 
three input signals and three output signals used for 
"handshaking'' and status indication between the CPU and 
a modem. 


SYN/DLE Control 

This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the CPU. These registers are used in the 
synchronous mode of operation to provide the characters 
required for synchronization, idle fill and data transparency. 


Operational Description 


The EPCI's operation is determined by programming the 
Mode and Command Registers. Baud rate, asynchronous 
or synchronous communication, and SYN characters are 
determined before enabling the transmitter or receiver. 


Asynchronous Receiver Operation 
After the Mode Registers are configured the receiver is 
enabled when the RxEN bit in the Command Register 


(CR2) is set to a 1 and DCD is low. The EPCI then 
monitors the RxD input waiting for a high to low 
transition. If а transition is detected, the RxD input is 


again sampled one-half bit time later. If RxD is now high, 
a search for a valid start bit is begun again. 1f RxD is still 
low a valid start bit is assumed and the receiver continues 
to sample the RxD input at one bit time intervals until the 
correct number of data bits, parity bit and one stop bit 
have been assembled. The character is then transferred 
to the Receive Data Holding Register (Rx HR); RxRDY in 
the status Register is set (SR1); the RxRDY output goes 
low. 1f the character length is less than 8 bits, the high 
order unused bits in the holding register are set to zero. 
The parity error, framing error, and overrun error status 
bits are strobed into the status register on the positive 
going edge of RxC corresponding to the received character 
boundry. See Figures 3 and 6. 


If the stop bit is present, the receiver will immediately 
begin its search for the next start bit. If the stop bit is 
absent (framing error), the receiver will interpret a space bit 
if it persists into the next bit time interval. If a break 
condition is detected (RxD is low for the entire character as 
well as the stop bit) only one character consisting of all 
zeros (with the FE status bit set) will be transferred to the 
holding register. The RxD input must return to a high 
condition before a search for the next start bit begins. 
See Figure 7. | 


Рт 25 сап Бе programmed as a Break Detect (ВКОЕТ) 
output by setting both bits 4 and 7 of Mode Register 2 
(MR2). When these bits are set and a break is detected, 
the BKDET output will go high. И RxD returns high for 
at least one RxD time. BKDET will return low, 


Synchronous Receiver Operation 


When the EPCI is programmed for synchronous operation, 
the receiver will remain idle until the receiver enable bit 
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(CR2) is set. At this time the EPCI enters the hunt mode. 
Data are shifted into the receive data shift register (RxSR) 
one bit at a time, The contents of RxSR are then com- 
pared to the contents of the SYN1 register. If the two are 
not equal, the next bit is shifted in and the comparison is 
repeated. When the two registers match, the hunt mode is 
terminated and character assembly mode begins. If single 
SYN operation is programmed, the SYN DETECT status 
bit is set. If double SYN operation is programmed, the first 
character assembled after SYN1 must be SYN2 in order for 
the SYN DETECT bit to be set, Otherwise the EPCI 
returns to the hunt mode. (Note that the sequence 5ҮМ1- 
5ҮМ1-5ҮМ2 will not achieve synchronization), See Figure 
2. 


When synchronization has been achieved, the ЕРСІ 
continues to assemble characters and transfer them to the 
‘holding register, setting the RxRDY status bit and asserting 
the RxRDY output each time a character is transferred. 
The PE and OE status bits are set as appropriate. Further 
receipt of the appropriate SYN sequence sets the SYN 
DETECT status bit. If the SYN stripping mode is com- 
manded, SYN characters are not transferred to the holding 
register. Note: the SYN characters used to establish 
initial synchronization are not transferred to the holding 
register in any case. | 


By setting MR24 (MR2 Би 4) and МВ27=1 pin 9 (ВхС/ 
SYNC) will be programmed as an external synchroniza- 
tion input. When XSYNC is selected internal SYN1, 
SYN1-SYN2 and DLE-SYN1 detection is disabled. Each 
positive going signal on XSYNC will cause the receiver to 
establish synchronization on the rising edge of the next 
RxC pulse. Character assembly will start with the RxD 
input at this edge. XSYNC must be lowered prior to the 
next rising edge of RxC. This external synchronization will 
cause the SYN DETECT status bit to be set until the status 
register is read. Refer to XSYNC timing diagram. 


Asynchronous Transmitter Operation 

When the EPCI is programmed to transmit, the transmitter 
will remain idle until CTS is low and the TxEN bit (CRO) 
is set. The ЕРСІ will respond by setting status register 
(SR) bit O and asserting the TxRDY output. When the CPU 
writes a character into the transmit data holding register 
(ТХНН), SRO is reset апа TxRDY returns high. The 
character is then transferred to the transmit shift register 
(TxSR) when it is idle or has completed transmission of the 
previous character. SRO is again set, and TxRDY goes low. 
See Figure 5. 


In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number of 
data bits, the least significant bit being sent first. |t then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 


т 


of the data bits, а new character is not available іп the 
transmit holding register, the TxD output remains in the 
marking (high) condition and the TXEMT/DSCHG output 
and its corresponding status bit are asserted. Transmission 
resumes when the CPU loads a new character into the 
holding register. The transmitter can be forced to output 
a continuous low (BREAK) condition by setting CR3. 


Synchronous Transmitter Operation 

When the ECPI is initially programmed for synchronous 
transmission it will remain in the idle state (RxD high) until 
ТхЕМ is set. At this point TxD remains high, TxRDY will 
go low and both will stay in this state until the first 
character (usually a SYN character) is written into the 
TxHH. This starts transmission, with TxRDY going low 
each time a character is shifted from the TxHR to the 
TxSR. If TxRDY is not serviced before the previous 
character is shifted out of the TxSR, the TxEMT output 
wil! go low and the EPCI will automatically fill the pending 
gap with SYN1, SYN1, SYN2 doublets, ог DLE-SYN1 
doublets, depending on the state of MR6 and МВТУ. 
Transmission will be continuous until TxFN is reset to O. 
See Figure 4. 


If the send DLE bit (CR3) is set, the DLE character is 
automatically transmitted prior to the transmission of any 
character stored in the TxHR. Since this is а one time 
command, CR3 does not have to be reset, 


EPCI Programming 


Before data communications can be started the EPCI 
must be programmed by writing to its mode and command 
registers, Additionally, if synchronous communication has 
been selected the appropriate SYN1, SYN2 and DLE 
registers must be loaded. Reference the Register Addressing 
Table and Initialization Flow Chart for address require- 
ments and programming procedure, 


The Register Addressing Table shows MR1 and МВ2 at the 
same address, Тһе ЕРСІ has an internal pointer that 
initially directs that first read or write to MR 1;then on the 
next access at the same address the pointer directs the 
operation to MR2. A similar sequence occurs for the SYN 
and DLE registers; first SYN1 then SYN2 then DLE. И 
more than the required number of accesses are made the 
internal pointer resets to the first register, The pointer 
is also reset to MR1 and SYN1 by a RESET input or a 
read of the Command Register, but unaffected by any 
other read or write operation. | 


Register Formats 


The register formats are summarized in Figures 8 through! 1 
MR1 and MR2 define the general operating characteristics. 
The Command Register controls the basic operation 
defined by MR1 and MR2. The Status Register indicates 
the EPCI operating status and the condition of external 
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inputs. These registers are cleared by a RESET input 
(SR6 and SR7 excepted). 





Mode Register 1 (MR1) 


'МВ11 and MR 10 select the communication mode and baud 
rate multiplier. Note: the multiplier in asynchronous 
mode applies only if the external input option is selected 
by MR24 and ВМ25. 


MR13 and MR!2 select Character length. Character 
length does not include the parity bit, when selected, and 
does not include the start and stop bits in asynchronous 
operation. 


MR14, when set, selects parity. А parity bit will be 
transmitted with each character, and a parity check will be 
performed on each character received. 


МН15 selects either odd or even parity. 


In the asynchronous mode MR16 and MR17 select the 
number of stop bits; 1, 1.5 or 2, If 1X baud rate is pro- 
grammed 1.5 stop bits defaults to 1 on transmit. 


In the synchronous mode MR17 controls the number of 
SYN characters used to establish synchronization, and 
the number of fill characters to be transmitted when 
TxRDY and TxEMT are 0. 


MR16 controls selection of the transparent mode, When 
МВ16 is set (transparent selected) DLE-SYN1 is used for 
character fill and SYN detect (SR 5), but the normal 
synchronization sequence is used to establish character 


Table 3. UM2661 Register Addressing 


шалны 


1 
0 
0 
0 
0 
0 
0 
0 
0 


UM2661 


sync. When transmitting in the synchronous transparent 
mode, a DLE character in the TxHR will cause a second 
DLE character to be transmitted. Note: If the send DLE 
command (CR3) is active when a DLE character is in the 


` TXHR, only one additional DLE will be transmitted. 


The bits in the mode register affecting character assembly 
and disassembly (MR12—MR16) сап be changed dynami- 
cally (during active receive/transmit operation). Тһе 
character mode register affects both the transmitter and 
receiver; therefore in synchronous mode, changes should 
be made only іп half duplex mode (ВхЕМ-1 or TxEN=1, 
but not both simultaneously=1). In asynchronous mode, 
character changes should be made when RxEN and 
ТхЕМ-0,ог when TxEN=1 and the transmitter is marking 
іп half duplex mode (RxEN = 0). 


To effect assembly/disassembly of the next received/ 
transmitted character, MR12--15 must be changed within 
n bit times of the active going state of RxDRY/TxRDY. 
Transparent and non-transparent mode changes (MR16) 
must occur within n-1 bit times of the character to be 
affected when the receiver or transmitter is active. 
(п = the smaller of the new and old character lengths.) 


Mode Register 2 (MR2) 


MR20 through MR23 select the internal Baud Rate 
Generator (BRG). There are sixteen selectable rates for 
each version as outlined in Table 2. 


MR24 through MR27 define the receive and transmit 


clock source and the function of pins 9 and 25. Reference 


Figure 9. 


Three-state Data Bus 

Read Receive Holding Register (RxHR) 

Write Transmit Holding Register (TxHR) 
Read Status Register (SR) 

Write SYN1/SYN2/DLE Registers 

Read Mode Registers (MR1, MR1/MR2) 
Write Mode Registers (MR1, MR1/MR2) 
Read Command Register 


Write Command Register 
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ЕРСІ initialization Flow Chart 





INITIAL RESET 


LOAD 
MODE REGISTER 1 


LOAD 
MODE REGISTER 2 
NOTE: MODE REGISTER 1 MUST BE 
. WRITTEN BEFORE SYN2 CAN BE WRITTEN, 
MODE,REGISTER 2 NEED NOT BE 


N PROGRAMMED IF EXTERNAL CLOCKS 
SYNCHRONOUS? ARE USED. 


Y 



















NOTE: SYN1 REGISTER 
MUST BE WRITTEN 
BEFORE SYN2 CAN BE 
WRITTEN AND SYN2 
BEFORE DLE CAN BE 
WRITTEN. 





LOAD 
SYN1 REGISTER 


OUBLE N 
SYNC? 


TRANSPARENT 
MODE? 











LOAD 
SYN2 REGISTER 


TRANSPARENT 
MODE? 







LOAD 
DLE REGISTER 


LOAD 
COMMAND REGISTER 
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Figure 8. Mode Register 1 
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Figure 9. Function of Pin 9 and Pin 25 
Command Register (CR) 


CRO (ТхЕМ) will enable or disable the transmitter. When 
ТхЕМ-0, TxD, TxRDY and TxEMT аге all high, the 
transmitter is disabled. When TxEN goes active, TxRD Y 
will go low requesting the first character to be written to 
the TxHR, and the TxD output will be enabled to transmit. 
When ТхЕМ goes inactive, the UPCI will complete transmis- 
sion of any character still in the TxSR. TxD will then go to 
the marking state and TxRDY and TxEMT will go high. 
Refer to Transmit timing diagram. 
CR1 controls the DTR output, The DTR output is a 
logical complement of СВ1. 


CR2 (RxEN) will enable or disable the receiver. When 
RxEN-O, the receiver is in an idle mode with RxRDY high. 


‚ АО to 1 transition of RxEN will initiate a start bit search 
in asynchronous mode or initiate the hunt mode іп 
synchronous transmission. А 1 to O transition of ВХЕМ 
immediately terminates receiver operation, 


In the asynchronous mode setting CR3 will force the TxD 
output low (break condition) at the end of the current 
transmitted character, TxD will then remain low until CR3 
is cleared; at that time TxD will go high for a minimum 1 
bit time before resuming normal transmission. 


In the synchronous mode setting CR3 will force the 
transmission of the DLE character prior to sending the 
character in the TxHR. Because this is a one-time com- 
mand, bit 3 will automatically reset. 


CR5 controls the state of the RTS output. When CR5=1, 

RTS will go low and the transmit logic will be enabled. A 

1 to 0 transition of CR5 will cause RTS to go high one 

TxC time after the last serial bit is transmitted, (if the 
. TxSR was not already empty). 


CR7 and CR6 provide four alternate modes of operation in 
both synchronous and asynchronous operation, When both 
bits are О normal operation is selected. 


In the asynchronous mode, when only CR6 is set automatic 
echo mode is selected Clocked, regenerated received data 
are automatically directed to the TxD line while normal 
receiver operation continues, The receiver must be enabled 
(CR2=1), Бит the transmitter need not be enabled. CPU to 
receiver communications continue normally, but the CPU 
to transmitter link is disabled. Only the first character of 
a break condition is echoed. The TxD output will go high 
until the next valid start is detected. The following condi- 
tions are true while in automatic echo mode: 
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1. Data assembled by the гесемег is automatically 
placed in the transmit holding register and re- 
transmitted by the transmitter on the TxD output. 

2. Transmit clock = receive clock. 

23. TxRDY ошрш=1, 

4. The TxEMT/DSCHG pin will reflect only the data set 


change condition. 
5. The TxEN command (СНО) is ignored. 





іп the synchronous mode, when only the CR6 is set auto- 
matic SY N/DLE stripping is performed, The state of MR17 
and MR16 controls which characters are stripped. Не- 
ference Figure 10 for a detailed example of the ‘characters 
stripped. 


Note: automatic stripping does not affect setting of the 
SYN and DLE detect status bits. 


Two diagnostic modes are achievable in both synchronous 
and asynchronous operation; local loopback with СА7=1 
and CR6=0, and remote loopback with both bits=1. 


Local Loop Back 
1. The transmitter output is connected to the receiver 
input. 


2. DTR is connected to DCD and RTS is connected to 
CTS. | 

3. Transmit clock is connected to the receive clock. 

4. The ОТВ, RTS and TxD outputs are held high. 

5. The CTS, DCD, DSR and RxD inputs are ignored. 


Note: CR bits O, 1 and 5 must be set, CR2 is a don't care. 
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| Remote Loop Back 


1. Data assembled by the receiver are automatically 

placed in the transmit holding register and re- 

transmitted by the transmitter on the TxD output. 

Receive clock is connected to the transmit clock, 

No data are sent to the local CPU, but the error status 

conditions (PE, OE, FE) are set. 

4. The RxRDY, TxRDY, and TxEMT/DSCHG outputs 
are held high. | 

5. CRI (TxEN) is ignored. 

6. All other signals operate normally. 


о № 


Status Register 


SRD is the transmitter ready (TxRDY) status, it is the 
logical complement of the TxRDY output. This bit 
indicates the state of the TxHR when the transmitter is 
enabled (ТхЕМ=1). AO indicates TxHR is full, a 1 
indicates ТхНВ is empty and requires servicing by the CPU. 
This bit is cleared by writing to TxHR or by disabling the 
transmitter (ТХЕМ=0). Note: SRO is not set in either the 
auto echo or remote loop back modes, 





581 is the receiver ready (RxRDY) status. It is the logical 
complement of the RxRDY output. This bit indicates the 
state of the RxHR when the receiver is enabled (RxEN=1). 
А 0 indicates the RxHR is empty,a 1 indicates the RxHR is 
full and requires servicing by the CPU, This bit is cleared 
by writing to the TxHR or by disabling the receiver. 


 (RxXEN 70). 
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Figure 10. Command Register 
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SR2 indicates a change of state of either DSR or DCD or 
that the TxSR is empty. This bit is the logical complement 
of the TxEMT/D output.|A reading of the status 
register will clear bit 2 if a state change on DSR or DCD 
has occurred. ІҒ a second successive read of the status 
register indicates bit 2-0, then DCD or DSR changes. If 
bit 2 is still set, then the TxSR is empty. Because the 
transmitter does not start unti! the first character has 
been written to the TxHR, TxEMT status will not be 
reflected until transmission of the first character is com- 
plete, TxEMT status is cleared by writing to the TxHR or 
disabling the transmitter. Note: Tx status wil! be set 
in synchronous mode even though “ТИГ” characters are 
being transmitted. 


SR3 when set reflects a parity error when parity checking is 
enabled in both the synchronous and asynchronous modes. 
іп the synchronous transparent mode, (MR16=1) and the 
parity enable bit (MR14) is O, SR3 will then indicate DLE 
detect when set. This indicates that a character matching 
DLE register was received and the present character is 
neither SYN1 nor DLE. This bit is cleared when the next 
character following the above sequence is loaded into the 
RxHR, when the receiver is disabled or by a reset error 
command. 

















TxRDY = 0 


























DSR INPUT 


RxHR FULL 


2 
х 

D 
о 
2 
о 


RxSR ЕМРТҮ ОН 


STATE CHANGE ОМ 
DCD OR DSR 
TxEMT/DSCHG = 0 





ASYNC: PARITY ERROR 


SYNC: PARITY ERROR 
(Е ENABLED OR 
DLE DETECT 


OVERRUN DETECTED RESET ERROR CMD OR DISABLE 
RECEIVER 


ASYNC: FRAMING 
ERROR 
SYNC: SYN DETECT 


COMPLEMENT OF 
БСБ INPUT 


COMPLEMENT OF 


SR4 indicates an overrun error when set. An overrun 
condition exists when the CPU does not read the RxHR 
before the next received character is transferred to it. 
(The previous character is lost.) SR4 is cleared by the 
reset error command and when the receiver is disabled. 


In the asynchronous mode 585 indicates that the received 
character was not framed by a stop bit. If the RxHR is 
all O's when bit 5 is set, a break condition was present. 
In synchronous non-transparent mode, it indicates receipt 
of the SYN1 character in single SYN mode or the SYN1- 
SYN2 рай in double SYN mode, |n synchronous 
transparent mode this bit is set upon detection of the 
initial synchronizing characters (SYN1 or SYN1-SYN2) 
and after synchronization has been achieved, when a DLE- 
SYN! pair is received, Тһе bit is reset when the receiver 
is disabled, when the reset error command is given in 
asynchronous mode, and when the status register is read by 
the CPU in the synchronous mode. 


SR6 and SR7 reflect the condition of the DCD and DSR 
inputs respectively, Their state is the logical complement 
of their respective inputs. 


WHEN SET (21) THESE BITS INDICATE 


CONDITION 
TxHR EMPTY 


RESET BY 


WRITING TO TxHR 
READ RxHR, DISABLE 
RECEIVER 


WRITING TO TxHR 


READING STATUS REGISTER 


RESET ERROR CMD 

DISABLE RECEIVER 

P.E. RESET BY: RESET ERROR 
CMD AND DISABLE RECEIVER 

DLE DETECT RESET BY: NEXT 
CHARACTER LOADING INTO RxHR 







RESET ERROR CMD OR DISABLE 
RECEIVER 

READ STATUS REGISTER OR 
DISABLE RECEIVER 








|7|6|5|4|з|2|1)0) 
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Figure 11. 
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Features 


Two 8-bit bi-directional I/O ports 

Two 16-bit programmable timer/counters 
Serial data port 

Single +БМ power supply 

TTL compatible except Port A 

CMOS compatible peripheral Port A lines 


General Description 


The UM6522/A Versatile Interface Adapter (VIA) is a very 
flexible 1/О contro! device. іп addition, this device con- 
tains a pair of very powerful 16-bit interval timers, a serial- 
to-parallel/parallel-to-serial shift register and input data 
latching on the peripheral ports. Expanded handshaking 
capability allows control of bi-directional data transfers 
between МАЗ in multiple processor systems. 


Control of peripheral devices is handled primarily through 


Pin Configuration 


DATA 


DATA 
BUS 


BUS 
BUFFERS 
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Block Diagram 














.UM6522/A 


Versatile Interface Adapter(VIA) 


= Expanded  "handshake" capability allows positive 
control of data transfers between processor and periph- 
eral devices | 

m Latched input and output registers 

m 1MHz and 2 MHz operation 


two 8-bit bi-directional ports. Each line can be program- 
med as either an input or an output. Several peripheral 
I/O lines can be controlled directly from the interval timers 
for generating programmable frequency square waves or 
for counting externally generated pulses. To facilitate 
control of the many powerful features of this chip, an 
interrupt flag register, an interrupt enable register and a 
pair of function contro! registers are provided. 


| 


> 
o 


INTERRUPT 
CONTROL 


FLAGS 


ENABLE 
ПЕР) 


OUTPUT BUFFERS 
СК Уют 


DATA DIR. 
IDORA) 





PORT A REGISTERS 


PERIPHERAL 


CA! 


AUXILIARY CA2 


(АСН) 


FUNCTION 
CONTROL 






HANDSHAKE 
CONTROL 


ЈАВА С — — с 
(58) CB2 


PORT B REGISTERS 





LATCH | LATCH 
(т-н) 1 I(TiL-L) 
+ 


COUNTER | COUNTER 
(TIC-H} 1 (TIC-L) 





TIMER 1 


TIMER 2 


INPUT LATCH 







LATCH 
112:-1) 
COUNTER | COUNTER 
(T2C-H) 1 1Т2С-1) 


OUTPUT BUFFERS 
Р 
Чинээ БЫ с SPORIS 
DATA DIR. 
(0088) 
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Absolute Maximum Ratings* *Comments | 

Supply Voltage .................... +8.0 VOLTS Stresses above those listed under "Absolute Maximum 
Operating Voltage Range .............. ЗАМ to +7 V Ratings" may cause permanent damage to the device. 
Input Voltage Applied ........... GND-2.0V to 6.5V These are stress ratings only. Functional operation of 
ЏО Pin Voltage Applied... . . GND-—0.5V to Усс +0.БМ this device at these or any other conditions above those in- 
Storage Temperature Range ........ —65°С to 4150?C dicated in the operational sections of this specification is 
Operating Temperature Range.......... 0°C to 470?C not implied and exposure to absolute maximum rating con- 
Maximum Power Dissipation................ 1 Watt ditions for extended periods may affect device reliability. 


DC Electrical Characteristics 
(Усс = 5.0V + 596, Ta = 0 — 70°C unless otherwise noted) 


Symbol | Parameter 
VIH Input High Voltage (all except $ 2) 


Мен Clock High Voltage 
Input Low Voltage | 


Input Leakage Current — үу = Ото 5 Мас 
RAN, RES, RSO, RS1, 852, 853, CS1, 
CA1, ф2 


Off-state Input Current — Viu = 0.4 to 2.4V 
Vcc = Max, 00 to 07 | 


Input High Current — Мн = 2.4V 
PAO—PA7, CA2, PBO—PB7, CB1, CB2 
Input Low Current — Vi = 0.4 Мас 
PAO—PA7, CA2, PBO—PB7, CB1, CB2 
Output High Voltage 
^A Vee = min, toad = —100 џАдс 
РАО—РА7, СА2, РВО-РВ7, СВ1, СВ2 


Output Low Voltage 
Vcc = min, Цоаа = 1.6 mAdc 
Output High Current (Sourcing) 
VoH = 24у 
Мон = 1.5V (РВО—РВ7) 


Output Low Current (Sinking) ` 
VoL - 0.4 Vdc 

Output Leakage Current (Off state) 
ІНО 


Input Capacitance — TA = 25°C, f = 1 MHz 
(RAN, RES, RSO, RS1, RS2, RS3, CS1, С52, 
DO—D7, РАО—РА7, CA1, CA2, PBO—PB7) 
(CB1, CB2) 
(ф 2 Input) 


ПО Апа 
Peripherals 








est 
Test Load Ч 
зка 
РІМ 
1 100 РЕ 
С = 130 pF. MAX. FOR 00.07 = | | | 2... 
С = ЗОРЕ MAX. FOR ALL OTHER OUTPUTS 


Figure 2. Test Load (for all Dynamic Parameters) 
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Read Timing Characteristics (Figure 3.) 


Symbol Parameter 
| me | мөн |- | Due 
| 1 | | 05 | 


| 005 


















| Tace | AddressSet-UpTime | 180 | - | % | - | s | 
| сан | AddressHold Time |) о | - | о | - | т | 
| Тен — | Peripheral Data Set-Up Time | 30 | - | 30 | - | m | 
| Тон |  DataBusDelay Time | - | 


Data Bus Hold Time 


Note: tr, tf = 10 to 30ns. 


ф; CLOCK 
шигээ МАД ни 
parasus 555) 


Figure 3. Read Timing Characteristics 


Write Timing Characteristics (Figure 4.) 


Cycle Time 


$2 Pulse Width 


Address Set- Up Time 
Address Hold Time 


Peripheral Data Delay Time 
to CMOS Levels 


Note: tr, tf = 10 to 3005. 


R/W Set-Up Time 





|] - 
ф, CLOCK 
-— TACW TCAW 


REGISTER secects, SW ЕР 


Twcw— . Tocw----—Tc 


ота воз \\\\ ААА Фасо дру 


Тору [, CMOS I] -------------------—- Усс 


енінен CW“ 


Figure 4. Write Timing Characteristics 
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Peripheral Interface Characteristics 
жы шешн EL e 1 


2 Rise and Fall Time for СА1, CB1, CA2, and CB2 | 
г. Ч Input Signals 
T Delay Time, Clock Negative Transition to CA2, us 5a, 5b 
CA2 Negative Transition (read handshake or pulse mode) | | 
Delay Time, Clock Negative Transition to CA2, Роз ме 
Delay Time, СА1 Active Transition to CA2, Positive 
T Delay Time, Clock Positive Transition to CA2 or CB2, БЕЕН 
WHS Negative Transition (write handshake) 
Delay Time, Peripheral Data Valid to CB2, Negative Бс, 5d 
Transition 
T Delay Time, Clock Transition to CA2 or CB2, 
RSS Positive Transition (pulse mode) 
Taca Delay Time, CA1 or CB1 Active Transition to CA2 or 0 
CB2, Positive Transition (handshake mode) Í 
Delay Time Required from CA2 Qutput to CA1, 
Active Transition (handshake mode) 
























Set-up Time, Peripheral Data Valid to CA1 or CB1, 
Active Transition (input latching) 
Shift-Out Delay Time — Time from ф, Falling Edge 


to CB2, Data Out 300 


Shift-In Setup Time — Time from CB2 Data іп to ó> 
т External Shift Clock (CB1) Setup Time Relative to 100 T 
SR3 фу Trailing Edge СҮ 


[Trew | Purewa верата | = | 
[ew | тавган C81 input бек | 2xre | = | 
[Ties | Pose Spain = P86 ра Puse — | 2xre | — _ 
[Tes | Puse Spacio Сва Puse | aerer | 
Tar | СА Свт Ser Up Prior wo Tension Aarm Laon — | Terso | — | 
a шаса 
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Set-Up Required on CA1, CB1, CA2 or CB2 Prior to 
Triggering Edge 


Shift Register Clock — Delay from ф; 
to CB1 Rising Edge 
to CB1 Falling Edge 


Timing Waveforms 


CA2 


Ф, 
ВЕАО ІВА 
ОРЕВАТІОМ š 


“DATA TAKEN” 


- ТСА2 Т ва1 


Figure Ба. CA2 Timing Тог Read Handshake, Риізе Mode 
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Timing Waveforms (Continued) 


ý E Е 





READ IRA 
OPERATION 
CA2 | 
"DATA TAKEN" 
TCA2 1652 
СА1 М кэ Ө s 
АСТІМЕ 
TRANSITION 
Figure 5b. CA2 Timing for Read Handshake, Handshake Mode 
ф; 
TwHS TRs3 
WRITE ORA, ORB 
OPERATION 
CA2, CB2 
"DATA READY" 


| То5 
РА, РВ 
PERIPHERAL DATA 


Figure bc. CA2, CB2 Timing for Write Handshake, Pulse Mode 


^ Z UN 


WRITE ORA, ORB TWHS 
OPERATION ғ----- 
СА2, СВ2 
"DATA READY" 
TDS 
PERIPHERAL DATA МЭ МУ 
| T21 Т 4 
CA1, СВ1 —M———— ———— À( 
DIL I 6 ————— Á—— P 
ACTIVE 
TRANSITION 77 


Figure 54. CA2, CB2 Timing for Write Handshake, Handshake Mode 


PA, PB 
PERIPHERAL 
INPUT DATA 


CA1, CB1 . 
` INPUT LATCHING 
CONTROL 


Ти ТРр 





АСТМЕ 
TRANSITION 





- Figure бе. Peripheral Data Input Latch Timing: 
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Timing Waveforms (Continued) 


$2 


SHIET DATA LWW 


(OUTPUT) Т 
581 


СВ1 
SHIFT CLOCK 
(INPUT OR OUTPUT) 
DELAY TIME MEASURED FROM THE FIRST ф, 


FALLING EDGE AFTER CB1 FALLING EDGE. 


Figure 5f. Timing for Shift Out with Internal or External Shift Clocking 


2 — LI LI LI LJ LJ L— 
ноа SWOT 


(INPUT) 


св! Фф 
SHIFT CLOCK ҰЯ SETUP TIME MEASURED TO THE FIRST 
UNPOTORCOUTPOTE TSR3 RISING EDGE AFTER CB1 RISING EDGE 


Figure 5g. Timing for Shift In with Internal or External Shift Clocking 


св! 
SHIFT CLOCK 
INPUT 

Тем —— Tics 


Figure 5h. External Shift Clocking 


РВ6 
PULSE COUNT 
TES Түрүү TIPS 


Figure 5i. Pulse Count Input Timing 








CA1, CA2 
CB1, CB2 


жк ЖА 


INTERRUPT 
GENERATING 





Figure 5j. Setup Time to Trigger Edge 


he l f 7 г г 


CB1 
-—— ТОРЕ TpPL 


Figure bk. Shift-in/out with Internal Clock Delay CD2 to CB1 Edge 
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Pin Description 


RES (Reset) 


The reset input clears all internal registers to logic 0” 
(except Т1 and T2 latches and counters and the Shift 
Register). This places all peripheral interface lines in the 
input state, disables the timers, shift register, etc. and 
disables interrupting from the chip. 


$2 (Input Clock) 


The input clock is the system $2 clock and is used to 
trigger all data transfers between the system processor and 
the UM6522/A. 


R/W (Read/Write) | 


The direction of the data transfers between the UM6522/A 
and the system processor is controlled by the R/W line. If 
RW is low, data will be transferred out of the processor 
into the selected UM6522/A register (write operation). If 
R/W is high and the chip is selected, data will be transferred 
out of the UM6522/A (read operation). 


DBO-DB7 (Data Bus) 


The eight bi-directiona! data bus lines are used to transfer 
data between the UM6522/A and the system processor. 


During read cycles, the contents of the selected UM6522/A - 














Register 
Number 








Register 
Desig. 


Output Register “В” 
Output Register '' 
Data Direction Register “В” 

Data Direction Register "A" 

T1 Low-Order Counter 
T1 High-Order Counter 

T1 Low-Order Latches 

T1 High-Order Latches 

T2 Low-Order Counter 
T2 High-Order Counter 


nois Auxiliary Control Register 


чш "E Peripheral Control Register 

Interrupt Flag Register 

Interrupt Enable Register 

Same as Reg 1 Except No. “Handshake” 


register are placed on the data bus lines and transferred 

into the processor. During write cycles, these lines 
are high-impedance inputs and data is transferred from 
the processor into the selected register. When the 
UM6522/A is unselected, the data bus lines are high- 
impedance. 


CS1, CS2 (Chip Selects) 


The two chip select inputs are normally connected to 
processor address lines either directly or through decoding. 
The selected UM6522/A register will be accessed when 
CS1 is high and CS2 is low. 


RSO-RS3 (Register Selects) 


The four Register Select inputs permit the system processor 
to select one of the 16 internal registers of the UM6522/A, 
as shown in Figure 6. 


ТВО (interrupt Request) 


The Interrupt Request output goes low whenever ап 
internal interrupt flag is set and the corresponding interrupt 
enable bit is a logic "1". This output is “open-drain” to 
allow the interrupt request signal to be wire-ORed with 
other equivalent signals in the system. 









Input Register “В” 


Input Register "A" 


Shift Register 





Figure 6. UM6522/A Internal Register Summary 
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PAO-PA7 (Peripheral A Port) 


The Peripheral A port consists of 8 lines which can be 
individually programmed to act as inputs or outputs under 
control of a Data Direction Register. Тһе polarity of 
output pins is controlled by an Output Register and input 
data may be latched into an internal register under control 
of the САТ line. АП of these modes of operation are con- 
trolled by the system processor through the internal control 
registers. These lines represent one standard TTL load in 
the input mode and will drive one standard TTL load in the 
output mode. Figure 7 illustrates the output circuit. 





САТ, CA2 (Peripheral А Control Lines) 


The two Peripheral A control lines act as interrupt inputs 
or as handshake outputs. Each line controls an internal 
interrupt flag with a corresponding interrupt enable bit. In 
addition, CA1 controls the latching of data on Peripheral 
-А port input lines. СА1 is a high impedance input only; 
while CA2 represents one standard TTL load in the input 
mode. CA2 will drive one standard TTL load in the output 
mode. 


+5V 


РАО-РА7 СА2 
мо CONTROL 
OUTPUT DATA тр 
INPUT DATA 


Figure 7. Peripheral A Port Output Circuit 


Functional Description 


Port A and Port B Operation 


Each 8-bit peripheral port has a Data Direction Register 
(DDRA, DDRB) for specifying whether the periphera! pins 
аге to act as inputs or outputs. А "0" in abit of the Data 
Direction Register causes the corresponding peripheral 
ріп to act as an input. A 41” causes the pin to act as an 
output. j 


When programmed as an output each peripheral pin is also 
controlled by a corresponding bit in the Output Register 
(ORA' ORB). А “1” in the Output Register causes the out- 
put to go high, and a “0” causes the output to go low. Data 
may be written into Output Register bits corresponding 
to pins which are programmed as inputs. іп this case, 
however, the output signal is unaffected. 


Reading a peripheral port causes the contents of the Input 
Register (IRA, IRB) to be transferred onto the Data Bus. 
With input latching disabled, IRA will always reflect the 
levels on the PA pins. With input latching enabled and the 
selected active transition on CA1 having occurred, IRA 
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PBO-PB7 (Peripheral B Port) 


The Peripheral B port consists of eight bi-directional lines 
which are controlled by an output register and a data direc- 
tion register in much the same manner as the PA port. In 
addition, the PB7 output signal can be controlled by one 
of the interval timers while the second timer can be pro- 
grammed to count pulses on the PB6 pin. Peripheral B 
lines represent one standard TTL load in the input mode 
and will drive one standard TTL load in the output mode. 
In addition, they are capable of sourcing 1.ОтА at 1.5VDC 
in the output mode to allow the outputs to directly drive 
Darlington transistor circuits. Figure 8 is the circuit 
schematic. 


CB1, CB2 (Peripheral B Control Lines) 


The Peripheral B contro! lines act as interrupt inputs or 
as handshake outputs. As with CA1 апа СА2, each line 
controls an interrupt flag with a corresponding interrupt 
enable bit. !n addition, these lines act as a serial port under 
control of the Shift Register. These lines represent one 
standard TTL load in the input mode and will drive one 
standard TTL load in the output mode. Unlike PBO-PB7. 
СВ1 and CB2 cannot drive Darlington transistor circuits. 


INPUT/ 
OUTPUT 
CONTROL 
РВО-РВ7 
СВ1, СВ2 
ООТРОТ 
ОАТА 





ІМРОТ ОАТА 


Figure 8. Peripheral B Port Output Circuit 


will contain the data present on the PA lines at the time 
of the transition. Once IRA is read, however, it will appear 
transparent, reflecting the current state of the PA lines 
until the next ''latching" transition. 


The IRB register operates similar to the IRA register. 
However, for pins programmed as outputs there is a dif- 
ference. When reading IRA, the level on the pin determines 
whether а "0" or a 71” is sensed. When reading IRB, 
however, the bit stored in the output register, ORB, is the 
bit sensed. Thus, for outputs which have large loading 
effects and which pull an output “1” down or which pull 
an output “0” up, reading IRA may result in reading а “0” 
when a 1 was actually programmed, and reading a 71” 
when а “0” was programmed. Reading IRB, on the other 
hand, will read the "1" or "0" level actually programmed, 
no matter what the loading on the pin. 

Figures 9, 10 and 11 illustrate the formats of the port 


registers. |n addition, the input latching modes are selected 
by the Auxiliary Control Register (Figure 17.) 


o 
c 
< 
9 


Peripherals 





(Доме 





UM6522/A 





Handshake Control of Data Transfer 

The UM6522/A allows positive control of data transfer 
between the system processor and peripheral devices 
through the operation of “handshake” lines. Port A lines 
(CA1, CA2) handshake data on both a read and a write 
operation while the Port B lines (CB1, CB2) handshake 
on a write operation only. 


Read Handshake 

Positive control of data transfer from peripheral devices 
into the system processor can be accomplished very effec- 
tively using Read Handshaking. !n this case, the peripheral 
device must generate the equivalent of a "Data Ready" 
signal to the processor signifying that valid data is present 
on the peripheral port. This signal normally interrupts 


REG 0 — ORB/IRB 


OUTPUT REGISTER “В” (ORB) 
R 
INPUT REGISTER “B” ( IRB) 





Pin Data 
Direction Selection Read 


E MPU reads output register 


MPU writes Output + 
Level (ORB) Ec Pin Level has 


DDRB="0" (INPUT) MPU writes into MPU reads input level 
(Input latching disabled) | ORB but no effect | on PB Pin. 


MPU reads IRB bit, which is 
the level of the PB pin at the 
time of the last CB1 active 
transition. 


DDRB = "1" (OUTPUT) 


DDRB="0" (INPUT) | On Pin Level until 
(Input Latching enabled) | DDRB changed 





. Figure 9. Output Register B (ORB), Input Register B (IRB) 


REG 2 (DDRB) AND REG 3 (DDRA) 


РВО/РАО 
РВТ/РАТ 
РВ2/РА2 
РВЗ/РАЗ 
РВ4/РА4 
PB5/PA5 
PB6/PA6 
PB7/PA7 





DATA DIRECTION REGISTER 
“в” OR "A" (DDRB/DORA) 


the processor, which then reads the data, causing generation 
of a "Data Taken'' signal. The peripheral device responds 
by making new data available. This process continues 
until the data transfer is complete. 


In the UM6522/A, automatic “Read” Handshaking is 
possible on the Peripheral A port only. The САТ interrupt 
input pin accepts the “Data Ready” signal and CA2 
generates the “Data Такеп” signal. The "Data Ready" 


Signal will set an internal flag which may interrupt the 


processor or which may be polled under program control. 


The "Data Taken” Signal can either be a pulse ог a level 


which is set low by the system processor and is cleared 
by the "Data Ready” signal. These options are shown 
in Figure 12 which illustrates the normal Read Handshak ing 
sequence. 


REG 1 — ORA/IRA 


OUTPUT REGISTER "А" (ORA) 
OR 
INPUT REGISTER "A" (IRA) 





Pin Data 
Direction Selection 


DDRA-''1" (OUTPUT) 
(Input latching disabled) 

MPU writes Output 
DDRA="1" (OUTPUT) | Level (ОВА) 
(Input latching enabled) 


MPU reads level on PA pin. 


MPU reads IRA bit which is 
the level of the PA pin at 
the time of the last САТ 
active transition. 


DDRA="'0" (INPUT) 
(Input latching disabled) 


MPU reads level on PA pin. 
MPU writes into : 
ORA, but no effect | MPU reads IRA bit which is 
DDRA="0" (INPUT) on pin level, until the level of the PA pin at 
(Input latching enabled) | DDRA changed. the time of the last СА! 
active transition. 





Figure 10. Output Register А (ОВА), 
‘Input Register A (IRA) 


. "OQ" ASSOCIATED PB/PA PIN IS AN INPUT 
(HIGH — IMPEDANCE) 


"1" ASSOCIATED PB/PA PIN IS AN OUTPUT 
WHOSE LEVEL IS DETERMINED BY 
ORB/ORA REGISTER BIT 


Figure 11. Data Direction Registers (DDRB, DDRA) 


Write Handshake 


The sequence of operations which allows handshaking data 
from the system processor to a peripheral device is very 


similar to that described for Read Handshaking. However, 
for Write Handshaking, the UM6522/A generates the "Data 
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Ready” signal and the peripheral device must respond 
with the “Data Taken” signal. This can be accomplished 
on both the PA port and the РВ port on the UM6522/A. 
CA2 or CB2 act as a "Data Ready'' output in either the 
handshake mode or pulse mode and СА1 or CB1 accept 
the "Data Taken" signal from the peripheral device, setting 


DATA READY (САТ) 


IRQ OUTPUT 


READ IRA 
OPERATION 


"DATA TAKEN" 
HANDSHAKE MODE 
(CA2) 


the interrupt Над and clearing the “Data Ready" output. 
This sequence is shown in Figure 13. 


Selection of operating modes for CA1, CA2, CB1, and CB2 


is accomplished by the Peripheral Control Register (Figure 
14). 


"DATA o CC ЕСС - c 
PULSE MODE 


. Figure 12. Read Handshake Timing (Port A, Only) 


"LP LLL, LOL LPL, лг 
WRITE ORA, ORB | | | 


(СА2) 


OPERATION 
"DATA READY" 


HANDSHAKE MODE 
(CA2, CB2) | 
"DATA READY" | | 


PULSE MODE 
(CA2, CB2) 


"DATA TAKEN" 
(CA1, CB1) | Kss | 
і 


(ВО OUTPUT 


Figure 13. Write Handshake Timing 


REG 12 — PERIPHERAL CONTROL REGISTER 









CB2 CONTROL 


OPERATION 
NPUT NEGATIVE ACTIVE EDGE 


5 

О]! 

B INDEPENDENT INTERRUPT 
INPUT NEG EDGE 

Б 

1| 











6 | 
ШШ 
sm 
Kl 


INPUT POSITIVE ACTIVE EDGE 









СА1 INTERRUPT CONTROL 


0 = NEGATIVE АСТМЕ EDGE 
1 = POSITIVE ACTIVE EDGE 
CA2 CONTROL 


|3|2|1 OPERATION —  — | 















М 1 | INDEPENDENT INTERRUPT lololo] INPUT NEGATIVE ACTIVE EDGE 

MC S НЫН Есен ыы 
1 НАМО5НАКЕ ООТРОТ 
11940. PULSE OUTPUT О | 110] INPUT POSITIVE ACTIVE EDGE 
(11110 | Low OUTPUT BE INDEPENDENT INTERRUPT 
1111 1 | HIGH OUTPUT INPUT POS EDGE 

- [1 | 0] 0| HANDSHAKE OUTPUT 
кы ИЗ [r[o[|t|PuLsE OUTPUT | 

0 = NEGATIVE ACTIVE EDGE (11110| LOW OUTPUT 
1 = POSITIVE ACTIVE EDGE С шон ботрот — — — 





(SEE NOTE ACCOMPANYING FIGURE 25) | 
Figure 14. CA1, CA2, CB1, CB2 Control 


Timer Operation 

‚ Interval Timer, T1, consists of two 8-Ви latches and а 16-bit 
. decrement at the $2 clock rate, Upon reaching “zero”, an 
interrupt flag will be set, and | ВО will go low if the inter- 
rupt decrements at the $2 clock rate. Upon reaching 
"zero" an interrupt flag will be set, and | ВО will ao low 


if the interrupt is enabled. The timer will then disable any 
further interrupts, or (when programmed to) will autom- 
atically transfer the contents of the latches into the counter 
and begin to decrement again. іп addition, the timer may 
be programmed to invert the output signal on a peripheral 
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pin each time it "times-out." Each of these modes is 
discussed separately below. 


The T1 counter is depicted in Figure 15 and the latches in 
Figure 16. 


Reg 4 — Timer 1 Low-Order Counter 


COUNT VALUE 





128 


WRITE —8 BITS ARE LOADED INTO ТІ LOW-ORDER LATCHES. 
LATCH CONTENTS ARE TRANSFERRED INTO LOW 
ORDER COUNTER AT THE TIME THE HIGH ORDER 
COUNTER 15 LOADED (REG. 5). 


READ - 8 BITS FROM T1 LOW-ORDER COUNTER ARE TRANS- 
FERRED TO MPU. IN ADDITION, T1 INTERRUPT FLAG 
IS RESET (BIT 6 IN INTERRUPT FLAG REGISTER). 


Two bits are provided in the Auxiliary Control Register 
(bits 6 and 7) to allow selection of the Т1 operating modes. 
The four possible modes are depicted in Figure 17. 


Reg 5 — Timer 1 High-Order Counter 


256 
512 
1024 
2048 
4096 
8192 
16384 
32768 


WRITE —8 BITS LOADED INTO T1 HiGH-ORDER LATCHES. ALSO, 
AT THIS TIME BOTH HIGH AND LOW-ORDER LATCHES 
ARE TRANSFERRED INTO THE T1 COUNTER, AND 


COUNT VALUE 





INITIATES COUNTDOWN. T1 INTERRUPT FLAG iS ALSO 
RESET. 

READ — 8 BITS FROM T1 HIGH-ORDER COUNTER TRANSFERRED 
TO MPU. 


Figure 15. Т1 Counter Registers 


Reg 6 — Timer 1 Low-Order Latches 


COUNT VALUE 





128 


WRITE —8 BITS ARE LOADED INTO T1 
THIS OPERATION 
WRITE INTO REG 4. 


LOW-ORDER LATCHES. 
IS NO DIFFERENT FOLLOWING A 


READ - 8 BITS FROM Т1 LOW-ORDER LATCHES TRANSFERRED 
TO MPU. UNLIKE REG 4 OPERATION, THIS DOES NOT 
CAUSE RESET ОҒ T! INTERRUPT FLAG. 


Reg 7 — Timer 1 High-Order Latches 


256 
512 
1024 
2048 
4096 
8192 
16384 
32768 


WRITE —8 BITS LOADED INTO T1 HIGH-ORDER LATCHES. UNLIKE 
REG 4 OPERATION, МО LATCH-TO-COUNTER TRANS- 
FERS TAKE PLACE. 


READ- 8 BITS FROM T1 HIGH-ORDER LATCHES ARE TRANS: 
FERRED TO MPU. 


COUNT VALUE 





Figure 16. T1 Latch Registers 


. Reg 11 — Auxiliary Control Register 













OPERATION 


TIMED INTERRUPT EACH TIME T1 IS LOADED 
CONTINUOUS INTERRUPTS 


T2 TIMER CONTROL 


|5 | OPERATION 
| O| TIMED INTERRUPT 
| 1| COUNT DOWN WITH PULSES ON PB6 








|0 [| TIMED INTERRUPT EACH TIME T1 IS LOADED DISABLED 
| 1 | CONTINUOUS INTERRUPTS 


а LATCH ENABLE DISABLE 


PB 0 = DISABLE 
1 = ENABLE LATCHING 
SHIFT REGISTER CONTROL 


[O|DISABLED C 
[O| SHIFT IN UNDER CONTROL OF $2 | 
[1| SHIFT IN UNDER CONTROL OF EXT CLK | 
(9 [ SHIFT OUT FREE RUNNING AT T2 RATE | 
E] 
| 
г 












SHIFT OUT UNDER CONTROL OF T2 
SHIFT OUT UNDER CONTROL OF $2 


SHIFT OUT UNDER CONTROL OF EXT CLK 


111 





Figure 17. Auxiliary Control Register 


Note: The processor does not write directly to the low order counter (T1C-L). Instead, this half of the counter is loaded automatically from 
the low order latch when the processor writes to the high order counter. In fact, it may not be necessary to write to the low order counter in 
some applications since the timing operation is triggered by writing to the high order counter. 
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"ÉL LG LILLILITJT T ШІН ТІГІ ГІ ГІ ГІ ГТ. 
WRITE ТІС-Н | 

IRÓ OUTPUT | Тахилын ЗС сш == 
РВ7 ОЦТРИТ | 






T1 COUNT 
12 COUNT 





| БЕБЕ ! FFFE 






N + 1.5 CYCLES————— — — —e| 


Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing 


Timer 1 One- Shot Mode 


The interval timer one-shot mode allows generation of a 
single interrupt for each Timer load operation. In addition, 
Timer 1 can be programmed to produce a single negative 
pulse on PB7. 


To generate a single interrupt ACR bits 6 and 7 must be 
“0”, then either TIL-L or TIC-L must be written with the 
low-order count value. (A write to TIC-L is effectively 
a Write to TIL-L). Next, the high-order count value is 
written to TIC-H, (the value is simultaneously written into 
TIL-H), and TIL-L is transferred to TIC-L. Countdown 
begins on $2 following the write TIC-H and decrements 
at the $2 rate. Т1 interrupt occurs when the counters 
reach "0". Generation of a negative pulse on PB7 is done 
in the same manner, except ACR bit 7 must be a one. PB7 
will go low after a Write TIC-H and go high again when 
the counters reach “0”. 


The T1 interrupt flag is reset by either writing TIC-H 
(starting a new count) or by reading TIC-L. 


Timing for the one-shot mode is illustrated in Figure 18. 


Timer 1 Егее- Run Mode 


The most important advantage associated with the latches 
in T1 is the ability to produce a continuous series of evenly 
spaced interrupts and the ability to produce a square wave 
on PB7 whose frequency is not affected by variations in 
the processor interrupt response time. This is accomplished 
in the “free-running” mode. 


In the free-running mode, the interrupt flag is set and the 
signal on PB7 is inverted each time the counter reaches 
zero. However, instead of continuing to decrement from 
zero after a time-out, the timer automatically transfers 
the contents of the latch into the counter (16 bits) and 
continues to decrement from there. It is not necessary to 
rewrite the timer to enable setting the interrupt flag on the 
next time-out. The interrupt flag can be cleared by reading 
TIC-L, by writing directly into the flag as will be described 
later, or if a new count value is desired by a write to TIC-H. 


All interval timers in the UM6522/A are "'re-triggerable"'. 
Rewriting the counter will always re-initialize the time-out 
period. In fact, the time-out can be prevented completely 
if the processor continues to rewrite the timer before it 
reaches zero. Timer 1 will operate in this manner if the 
processor writes into the high order counter (T1C-H). 
However, by loading the latches only, the processor can 
access the timer during each down-counting operation 
without affecting the time-out in process. Instead, the 
data loaded into the latches will determine the length of 
the next time-out period. This capability is particularly 
valuable in the free-running mode with the output enabled. 
In this mode, the signal on PB7 is inverted and the interrupt. 
flag is set with each time-out. By responding to the inter- 


rupts with new data for the latches, the processor can. 


determine the period of the next half cycle during each 
half cycle of the output signal on PB7. In this manner, 
very complex waveforms can be generated. Timing for the 
free-running mode is shown in Figure 19. | 


* 1I ÉL а Ра АРА ЕР А о О гт. 
Omar ИН а EF L f f l ЦН 
TRO OUTPUT pp === 2 АА ара 

-- ПИ 


| N+1.5 CYCLE. ———ek— N + 2 CYCLES —— 


Figure 19. Timer 1 Free-Run Mode Timing 


Note: A precaution to take when using PB7 as the timer output concerns the data direction Register contents for PB7. 
Both DDRB bit 7 and ACR bit 7 must be “1” for PB7 to function as the timer output. If either is a “0”, then PB7 functions 


as a normal output pin, controlled by ORB bit 7. 
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Timer 2 Operation 


Timer 2 operates as an interval timer (in the “one-shot” 
mode only), or as a counter for counting negative pulses 
on the PB6 peripheral pin. A single control bit is provided 
in the Auxiliary Control Reglster to select between these 
two modes. This timer is comprised of a "write-only" 
low-order latch (T2L-L), a “read-only” low-order counter 
and a read/write high order counter. The counter registers 
act as а 16-bit counter which decrements at the $2 rate. 
Figure 20 illustrates the T2 Counter Registers. 


Timer 2 One-Shot Mode 
As an interval timer, T2 operates in the "one-shot" mode 


Reg 8 — Timer 2 Low-Order Counter 


6 COUNT VALUE 


2 
4 
128 


1 
2 
4 
8 
1 
3 
6 





WRITE —8 BITS LOADED INTO T2 LOW-ORDER LATCHES. 


READ —8 BITS FROM T2 LOW-ORDER COUNTER TRANS- 
FERRED TO MPU. T2 INTERRUPT FLAG IS RESET. 


similar to Timer 1. In this mode, T2 provides a.single | 
interrupt for each "write T2C- H'" operation. After timing 
out, (reading О) the counters “roll-over” to all 1's (FFFF 16) 
and continue decrementing, allowing the user to read 
them and determine how long T2 interrupt has been set. 
However, setting of the interrupt flag will be disabled 
after initial time-out so that it will not be set by the 
counter continuing to decrement through zero. The 
processor must rewrite T2C-H to enable setting of the 
interrupt flag. The interrupt flag is cleared by reading 
T2C-L or by writing T2C-H. Timing for this operation 
is shown in Figure 18. 


Reg 9 — Timer 2 High-Order Counter 


256 

512. 

1024 

2048 | 
4096 COUNT МАЦЈЕ 
8192 

16384 

32768 





WRITE - 8 BITS LOADED INTO T2 HIGH-ORDER COUNTER. 
ALSO, LOW-ORDER LATCHES TRANSFERRED TO 
LOW-ORDER COUNTER, IN ADDITION, T2 INTER- 
НОРТ FLAG IS RESET. 


READ — 8 BITS FROM T2 HIGH-ORDER COUNTER TRANS- 
FERRED TO MPU. 


Figure 20. T2 Counter Registers 


Timer 2 Pulse Counting Mode 


In the pulse counting mode, T2 serves primarily to count 
a predetermined number of negative-going pulses on РВб. 
This is accomplished by first loading a number into T2. 
Writing into T2C-H clears the interrupt flag and allows the 
counter to decrement each time a pulse is applied to PB6. 
The interrupt flag will be set when T2 reaches zero. At this 
time, the counter will continue to decrement with each 
pulse on PB6. However, it is necessary to rewrite T2C-H 
to allow the interrupt flag to be set on subsequent down- 
counting operations. Timing for this mode is shown in 
Figure 21. The pulse must be low on the leading edge of 


ф2. 


Shift Register Operation 


The Shift Register (SR) performs serial data transfer 
into and out of the CB2 pin under control of an internal 
modulo-8 counter. Shift pulses can be applied to the 
CB1 pin from an external source or, with the proper mode 
selection, shift pulses generated internally will appear on 
the CB1 pin for controlling external devices. 


The control bits which select the various shift register 
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operating modes are located in the Auxiliary Control 
Register. Figure 22 illustrates the configuration of the 
SR data bits and the SR control bits of the ACR. 


Figures 23 and 24 illustrate the operation of the various 
shift register modes. 


Interrupt Operation 


Controlling interrupts within the UM6522/A involves three 
principal operations. These are flagging the interrupts, 
enabling interrupts and signaling to the processor that 
an active interrupt exists within the chip. Interrupt flags 
are set by interrupting conditions which exist within the 
chip or on inputs to the chip. These flags normally remain 
set until the interrupt has been serviced. To determine the 
source of an interrupt, the microprocessor must examine 
these flags in order from highest to lowest priority. This is 
accomplished by reading the flag register into the processor 
accumulator, shifting this register either right or left and 
then using conditional branch instructions to detect an 
active interrupt. 








Oume 
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Associated with each interrupt flag is an interrupt enable 
bit. This can be set or cleared by the processor to enable 


interrupting the processor from the corresponding interrupt - 


flag. If an interrupt flag is set to a logic “1 by an interrupt- 
ing condition, and the corresponding interrupt enable bit 
is set to a 1”, the Interrupt Request Output (IRQ) will go 
low: “ВО is an "open-collector" output which can be 
wire-ORed to other devices in the system to interrupt the 


processor. 


In the UM6522/A, all the interrupt flags are contained in 
one register. In addition, bit 7 of this register will be read 
as a logic “1” when an interrupt exists within the chip. This 
allows very convenient polling of several devices within 
a system to locate the source of an interrupt. 


. WRITE Т2С-Н | 
PB6 INPUT L.I |! |! LS 


ТВО OUTPUT 
во OU N | " 





N-2 2 | 1 | 0 


Figure 21. Timer 2 Pulse Counting Mode 


Reg 10 —H Reg 10 — Shift Register 


SHIFT REGISTER BITS 





NOTES: 

1. WHEN SHIFTING OUT. BIT 7 IS THE FIRST BIT 
OUT AND SIMULTANEOUSLY IS ROTATED BACK 
BIT 0 AND SHIFTED TOWARDS ВІТ 7. 


2. WHEN SHIFTING IN, BITS INITIALLY ENTER 
ВП 0 AND ARE SHIFTED TOWARDS ВИТ 7. 


Reg 11 — Auxiliary Control Register 


 ревазеио| | 
| po REGISTER MODE CONTROL 


2 





OPERATION 
DISABLED 
SHIFT ІМ UNDER CONTROL OF T2 

SHIFT IN UNDER CONTROL OF $2 

SHIFT IN UNDER CONTROL OF EXT CLK 
SHIFT OUT FREE-RUNNING AT T2 RATE 
SHIFT OUT UNDER CONTROL OF T2 
SHIFT OUT UNDER CONTROL OF $2 
SHIFT OUT UNDER CONTROL OF EXT CLK 















Figure 22. SR and ACR Control Bits 


SR Disabled (000) 


The 000 mode is used to disable the Shift Register. In this 
mode the microprocessor can write or read the SR, but the 
shifting operating is disabled and operation of CB1 and CB2 
is controlled by the appropriate bits in the Peripheral 
Control Register (PCR). іп this mode the SR Interrupt 
Flag is disabled (held to a logic 707). 


Shift in Under Control of T2 (001) 


In the 001 mode the shifting rate is controlled by the low 
order 8 bits of "12". Shift pulses are generated on the 
CB1 Pin to control shifting in external devices. The time 
between transitions of this output clock is a function of 
the system clock period and the contents of the low order 


Ф, 


WRITE OR READ 
SHIFT REG. 


4+2 CYCLES 


СВ1 OUTPUT 
SHIFT CLOCK | 





T2 latch (N). 


The shifting operation is triggered by writing or reading: 
the shift register. Data is shifted first into the low order 


bit of SR and is then shifted into the next higher order 


bit of the shift register on the negative-going edge of each 
clock pulse. The input data should change before the 
positive-going edge of the CB1 clock pulse. This data is 
shifted into the shift register during the $2 clock cycle 
following the positive-going edge of the CB1 clock pulse. 
After.8 CB1 clock pulses, the shift register interrupt flag 


will be set and TRO will go low. 






3 






сва мел SS ХХ ХХ ХХ 


| 
тво ‚ | L ` 
Figure 23-1 Shift Register Input Modes 
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Shift in Under Contro! of ф2 (010) 


In mode 010 the shift rate is a direct function of the system 
clock frequency. CB1 becomes an output which generates 
shift pulses for controlling external devices. Timer 2 op- 
erates as an independent interval timer and has no effect 
on SR. The shifting operation is triggered by reading or 


writing the Shift Register. Data is shifted first into bit 
O and is then shifted into the next higher order bit of the 
shift register on the trailing edge of each $2 clock pulse. 
After 8 clock pulses, the shift register interrupt flag will 
be set, and the output clock pulses on CB1 will stop. 


e, ПЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛЛІЛЛЛІЛЛІЛІЛІЛІГІЛІЛІЛГІГ 


| | 


READ SR 
OPERATION 


CB1 OUTPUT 
SHIFT CLOCK 


жар УІ КЫА AL Аз А АЗА ХА ХО 


[ВО . 





Figure 23-2 Shift Register Input Modes 


Shift in Under Control of External! CB1 Clock (011) 
In mode 011 CB1 becomes an input. This allows an ex- 
ternal device to load the shift register at its own pace. 
The shift register counter will interrupt the processor 
each time 8 bits have been shifted in. However, the shift 
register counter does not stop the shifting operation; 
it acts simply as a pulse counter. Reading or writing the 


Ф, 


Shift Register resets the Interrupt flag and initializes the 
SR counter to count another 8 pulses. 


Note that the data is shifted during the first system clock 
cycle following the positive-going edge of the CB1 shift 
pulse. For this reason, data must be held stable during 
the first full cycle after CB1 goes high. 


CB1 OUTPUT | 1 | | 2 | | 3 | | 4 | 8 
SHIFT CLOCK 


ce2 INPUT ДКС ХУ 2 ХААХ з МММ: МАХ в АМ 
| 


42 l C i == 


Figure 23-3 Shift Register Input Modes 


Shift Out Free-Running at T2 Rate (100) 

Mode 100 is very similar to mode 101 in which the shift 
rate is set by Т2. However, in mode 100 the SR Counter 
does not stop the shift operation. Since Shift Register 
bit 7 (SR7) is circulated back into bit 0, the 8 bits loaded 


$2 


into the shift register will be clocked onto CR2 repeatedly. 
іп this mode the shift register counter is disabled, and 
IRQ is never set. 


WRITE SR m 
OPERATION 
N+2 CYCLES N+2 CYCLES 


SHIFT CLOCK i 
cez input У ТУ 9C Хо ӨНЕРІ) Хе Хо 


Figure 24-1 Shift Register Output Modes 
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Shift Out Under Control of T2 (101) 

In mode 101 the shift rate is controlled by T2 (as in the 
previous mode). However, with each read or write of 
the shift register the SR Counter is reset and 8 bits are 
shifted onto. CB2. Ат the same time, 8 shift pulses are 





UM6522/A 


generated on CB1 to control shifting in external devices. 
After the 8 shift pulses, shifting is disabled, the SR 
Interrupt Flag is set and CB2 remains at the last data 
level. 


фу | | 
CLOCK -плпллллплллллпллпп,лпплл:. 


WRITE SR | | 
OPERATION 
М +2 CYCLES М +2 CYCLES : 


CB1 OUTPUT 1 
SHIFT CLOCK 


“ИЙ нэх аад La гархи 


свг INPUT УУ 
От омты н л т тее л а 


Figure 24-2 Shift Register Output Modes 


Shift Out Under Control of $2 (110) 


In mode 110, the shift rate is controlled by the ф 2 system clock. 


Ф, 
сок ЈУДОМОЛООЛООЛООЛОРОГАОАШУЈАШАОУШТ. 


WRITE SR | | | 
OPERATION 


CB! OUTPUT 1 2 
SHIFT CLOCK | 


CB2 INPUT TTX qui 
0... p 


Figure 24-3 Shift Register Output Modes 


Shift Out Under Control of External CB1 Clock (111) 


In mode 111, shifting is controlled by pulses applied to 
the CB1 pin by an external device. The SR counter sets 
the SR Interrupt flag each time it counts 8 pulses but 
it does not disable the shifting function. Each time the 
microprocessor writes or reads the shift register, the SR 


Interrupt flag is reset and the SR counter is initialized 
to begin counting the next 8 shift pulses on pin СВ1. 
After 8 shift pulses, the interrupt flag is set. The micro- 
processor can then load the shift register with the next 
byte of data. 


«-ПІППІПІПГІГІГІГІГІЛІГІГІГІЛІГІГІГІ. 


WRITE SR 
OPERATION 


гиш рг эрд 
СВА а ie ААА 





Ғідиге 24-4 Shift Register Output Modes 
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The Interrupt Flag Register (IFR) and Interrupt Enable 
Register (IER) are depicted in Figures 25 and 26, respec- 
tively. 


The IFR may be read directly by the processor. !n addi- 
tion, individual flag bits may be cleared by writing a “1” 
into the appropriate bit of the IFR. When the proper 
chip select .апа register signals are applied to the chip, the 
contents of this register are placed on the data bus. Bit 7 
indicates the status of the IRO output. This bit cor- 
responds to the logic function: IRQ = IFR6 x IER6 + 
IFR5 x IER5 + |ЕВ4 x |ЕК4 + IFR3 x |ЕВЗ + IFR2 x 
ЇЕВ2 + IFRI x IER1 + IFRO x IERO. Note: X = logic 
AND, += Logic OR. 


The IFR bit 7 is not a flag. Therefore, this bit is not 
directly cleared by writing a logic ''1'' into it. It can only 
Бе cleared by clearing all the flags in the register or by 
disabling all the active interrupts as discussed in the next 
section. 


For each interrupt flag in IFR, there is a corresponding 
bit in the Interrupt Enable Register. The system processor 


Reg 13 — Interrupt Flag Register 


7 fe ја Р 








ЗЕТ ВУ CLEARED BY 
CA2 ACTIVE EDGE READ OR WRITE 
REG 1 (ОН А)” 
СА1 АСТІУЕ ЕОСЕ READ ОН WRITE 
REG 1 (ORA) 
COMPLETE 8 SHIFTS| READ OR WRITE 
SHIFT REG 


CB2 ACTIVE EDGE READ OR WRITE ORB* 
CB1 ACTIVE EDGE READ OR WRITE ORB 


TIME-OUT OF T2. READ T2 LOW OR 
WRITE T2 HIGH 
TIME-OUT OF T1 READ T1 LOW OR 
WRITE T1 HIGH 
ANY ENABLED CLEAR ALL 
INTERRUPT INTERRUPTS 


ФІҒ THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS 
. "INDEPENDENT" INTERRUPT INPUT, THEN READING OR 
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT 
CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE 
CLEARED BY WRITING INTO THE IFR, AS DESCRIBED 
PREVIOUSLY. 














Figure 25. Interrupt Flag Register (ЕВ) 


Ordering Information 





UM6522 
UM6522A 


1 MHz 40L DIP 
2 MHz 40L DIP 
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can set or clear selected bits in this register to facilitate 
controlling individual interrupts without affecting others. 
This 15 accomplished by writing to address 1110 (IER 
address). If bit 7 of the data placed оп the system data 
bus during this write operation is а “0” each “1” in bits 6 
through O clears the corresponding bit in the Interrupt 
Enable Register. For each "zero" in bits 6 through O, the 
corresponding bit is unaffected. 


Setting selected bits in the Interrupt Enable Register is 
accomplished by writing to the same address with bit 7 in 
the data word set to a logic "1". In this case, each 717 in 
bits 6 through O will set the corresponding bit. For each 
"zero", the corresponding bit will be unaffected. The 
individual control of the setting and clearing operations 
allows very convenient control of the interrupts during 
system operation. 


In addition to setting and clearing IER bits, the processor 
can read the contents of this register by placing the proper 
address on the register select and chip select inputs with the 
ВМ line high. Bit 7 will be read as a logic “1” 


Reg 14 — interrupt Enable Register 


CA2 

СА1 

5НЇЕТ ВЕС 

свг "О" = INTERRUPT DISABLED 
1” = INTERRUPT ENABLED 

TIMER 2 

TIMER 1 

SET/CLEAR 





Notes: 

1. IF BIT 7 IS А “0”, THEN EACH "1" IN BITS 0-6 DISABLES THE 
CORRESPONDING INTERRUPT. 

2. ЈЕ BIT 7 IS A "1", THEN EACH "1" IN BITS 0-6 ENABLES THE 
CORRESPONDING INTERRUPT. 

3. IF A READ OF THIS REGISTER IS DONE, BIT 7 WILL BE 717 
AND ALL OTHER BITS WILL REFLECT THEIR ENABLE/ 
DISABLE STATE. 


Figure 26. Interrupt Enable Register (IER) 
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Features 


B 8 bit bi-directional Data Bus for direct communica- 
tion with the microprocessor 

Ш Programmable edge-sensitive interrupt 

ШЕ 128 x 8 static RAM 

B Two 8 bit, bidirectional, data ports for interface to 
peripherals 


General Description 


The UM6532/A is designed to operate in conjunction with 
the UM6500 Microprocessor Family. It is comprised of a 
128 x 8-bit static RAM; two software controlled, 8-bit, bi- 
directional, data ports allowing direct interfacing between 


Pin Configuration Block Diagram 


м/ессойп 


ОАТА 
BUS 
BUFFER 


DO 07 









BATA OUTPUT PERIPHERAL PERIPHERAL DATA ` | 
DIRECTION] Есте |БејбАТА BUFFER DIRECTIO 
REGISTER | ЕСА А REGISTER 

B 


ADDRESS 
DECODER 


АО Аб RS CS1 C52 42 RAN RES 


Ш Two programmable 1/О peripheral data direction 
registers 

Programmable interval-timer 

Programmable interval timer interrupt 

Peripheral pins with direct transistor drive capability 


High impedance, three-state, data pins 


the microprocessor unit and peripheral devices; a software 
programmable interval timer with interrupt capable of 
timing in various intervals from 1 to 262,144 clock periods; 
and a programmable, edge-detect , interrupt circuit. 


PAO РА7 PBO РВ7 














OUTPUT 
DATA BUFFER REGISTER 
B | В 
NTERRUP | 
NTERVAL 
CONTROL TIMER 





CHIP SELECT E ein 
LOGIC ТІС 
ВАМ LOGIC 








т 
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Absolute Maximum Ratings* *Comments 

Supply Voltage ..................... +8.0 Volts Stresses above those listed under ‘‘Absolute Maximum 
Operating Voltage Range .............. +4V to +7V Ratings" may cause permanent damage to the device. 
Input Voltage, Applied........... GND-2.0V to 6.5V These are stress ratings only. Functional operation of 
I/O Pin Voltage, Applied ..... GND-—0.5V to Vcc+0.5V this device at these or any other conditions above those 
Storage Temperature Range ........ —65°С to +150°С indicated in the operational sections of this specification 
Operating Temperature Range.......... 0°C to +70°C is not implied and exposure to absolute maximum rating - 
Maximum Power Dissipation. ................ 1 Watt conditions for extended periods may affect device re- 

liability. | 


DC Characteristics - 
(Vec = 5.0V + 5%, Vss = OV, Ta = 0 — 70°C) 





Parameter 


| Unt — 
Input High Voltage VIH ; ЖИН БИ | v | 
Input Low Voltage А ШІК 


Input High Current; Viy = 2.4V 
PAO-PA7, PBO-PB7 
Output High Voltage VoH V 
Усс =МИМ, одр _ —100А (РАО-РА7,РВО-РВ7, 00-07) 2.4 
| одр ЭМА (PBO-PB7) 


—100 |-1000 pA 
3.0 5.0 mA 


1.6 















Output Low Voltage 
Vcc + ММ, |одр 1.6 МА 














Output High Current (Sourcing); 
Мон > 24V (PAO-PA7, PBO-PB7, 00-07) 
= 1.5V Available for direct transistor 

drive (PBO-PB7) 


Output Low Current (Sinking); VoL < 0.4М ісі. 


Гололсцала — — — | Cor | 


“АП inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to prevent 
unnecessary application of voltages outside the specification range. | 














Test Load 
5V 
3k 42 
. PIN PIN 
Т” 
С = 130 pF MAX. FOR 00-07 · OPEN COLLECTOR 
С = ЗОрЕ МАХ, FOR ALL OTHER OUTPUTS OUTPUT TEST LOAD 
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"Write" Timing Characteristics 





tcv 
tc 
62 CLOCK 


tac САМ 


кесте see ХЛ ЭС. 


из tpcw | tcww 
R/W 


W 


t V 
tc PW CMOS c parce M Е cc 


ПН РАТА sess... 


“Read” Timing Characteristics 


tcv 
tR 
42 CLOCK Би! 


REGISTER SELECTS REN SEE Ses 
ең CO 
DATA BUS — 7 


НО And 


= 
б 
м 
Ф 
T 
Q 
Е 
4) 
С. 





ф2 Pulse Width 
Address Set-Up Time 
Address Hold Time mE NN 


[ АИТ 1—18 


Peripheral Data Delay Time 





Note: tr, += 10 to 30 ns, 
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"Read'' Timing Characteristics 


Address Set-Up Time 
Address Hold Time 





Peripheral Data Set-Up Time 
Data Bus Delay Time 
Data Bus Hold Time 


Note: tr, tf = 10 to 3015. 


Interface Signal Description 


Reset (RES) 


During system initialization a Logic “0” on the RES input 
will cause а zeroing of all four I/O registers. This in turn 
will cause all 1/О buses to act as inputs, thus protecting 
external components from possible damage and erroneous 
data while the system is being configured under software 
control. The Data Bus Buffers are put into an "ОБЕ" state 
during Reset. Interrupt capability is disabled with the RES 
signal. The RES signal must be held low for at least one 
clock period when reset is required. 


Input Clock 


The input clock is a system Phase Two clock which can be 

either a low level clock (Ми < 0.4, Мн 22.4) or high level 
+ 

clock (Ми < 0.2, Мн = Усс 2 


Read/Write (R/W) 


The R/W signal is supplied by the microprocessor and is 
used to control the transfer of data to and from the 
UM6532/A. A high on the R/W pin allows the processor to 
read (with proper addressing) the UM6532/A. A low on 
the R/W pin allows a write (with proper addressing) to 
the UM6532/A. 


Interrupt Request (IRQ) 


The {RO output is derived from the interrupt control logic. 
It will normally be high, with a low indicating an interrupt 
from Ше UM6532/A. IRQ is an “open-drain” output, 
. permitting several units to be wire-ORed to the common 
ТАО microprocessor input pin. Тһе ІНО output may Бе 
activated by a transition оп PA7 or "timeout" of the 
Interval Timer. 


Data Bus (DO-D7) 
The UM6532/A has eight, bi-directional, data lines (DO- 


300 
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D7). These lines connect to the system's data bus and allow 
transfer of data to and from the microprocessor. The 
output buffers remain in the "о" state, except when а 
Read operation occurs. 


Peripheral Data Ports (РА0-РА7, РВО-РВ7) 


The UM6532/A has two 8-bit, peripheral, 1/О Ports; Port A _ 


(lines PAO-PA7) and Port B (lines PBO-PB7). Each line is 
individually programmable as either an input or an output. 
By writing а “0” to any bit position of the Data Direction 
Register (DDRA or ООВВ) the corresponding line will be 
programmed an an input. Likewise, by writing a “1” to 
any bit position in DDRA or DDRB will cause the cor- 
responding line to act as an output. 


When a Port line is programmed as an input, and its output 
register (ORA or ORB) is read by the MPU, the TTL level 
on the Port line will be transferred to the data bus. When 
the Port lines are programmed as outputs, the lines will 
reflect the data written by the MPU into the output 
registers. (See the Edge Sense Interrupt Section for an 
additional use of PA7.) 


Address and Select Lines (A0-A6, RS, CS1 and С52) 


А0-А6 and RS are used to address the RAM, 1/О registers, 
Timer and Flag register. CS1 and CS2 are used to select 
(enable access to) the UM6532/A. 


Internal Organization 


A block diagram of the internal architecture is shown on 


"Раде 5-35. Тһе UM6532/A 15 divided into four basic sec- 


tions: RAM, І/О, Timer, and Interrupt Control. The RAM 
interfaces directly with the microprocessor through the 
system data bus and address lines. The 1/О section consists 
of two 8-bit halves. Each half contains a Data Direction 
Register (DDR) and an 1/О register. 
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RAM 128 Bytes (1024 Bits) 


A 128 x 8-bit static RAM is contained on the ОМ6532/А, 
It is addressed by AO-A6 (Byte Select), RS, CS1, and CS2. 


Internal Peripheral Registers 


There are four 8-bit internal registers: two data direction 
registers and two output registers. The two data direction 
registers (A side and B side) control the direction of the 
data into and out of the peripheral 1/0. A logic “zero” іп a 
bit of the data direction register (ОРВА and DDRB) causes 
the corresponding line of the I/O port to act as an input. A 
logic “опе” causes the corresponding line to act as an 
output. The voltage on any line programmed as an output 
is determined by the corresponding bit in the output 
register (ORA and ORB). 


Data is read directly from the PA lines during a peripheral 
read operation. For a PA pin programmed as an output, 
the data transferred into the processor will be the same as 
the data in the ORA, only if the voltage on the line is 
allowed to Бе 2 2.4 volts for a logic “опе” and <0.4 volts 
for a "zero". If the loading on the line does пот allow this, 
then the data resulting from the read operation may not 
match the contents of ОВА. 


The output buffers for the PB lines are somewhat different 
from the PA buffers. The PB buffers are push-pull devices 
which are capable of sourcing 3 mA at 1.5 volts. This 
allows these lines to directly drive transistor circuits. To 
assure that the processor will read the proper data when 
performing a peripheral read operation, logic is provided in 
the peripheral B port to permit the processor to read the 
contents of ORB, instead of the PB lines. 


Interval Timer 


The Timer section of the, UM6532/A contains three basic 
parts: preliminary divide down register, programmable 


Value read 211100100 
Complement = 00011011 
Ада 1 -00011100-28. 


R/W PA7 A3 
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8-bit register and interrupt logic. These are illustrated in 
Figure 1. 


The Interval Timer can be programmed to count up to 256 
time intervals. Each time interval can be either 1Т, 8T, 
64T, or 1024T increments, where T is the system clock 
period. When a full count is reached, the interrupt flag is 
set, to logic “17, After the interrupt flag is set, the internal 
clock continues counting down, but at a 1Т rate to a 
maximum of 255T. This allows the user to read the 
counter and then determine how long the interrupt has 
been set. 


Тһе 8-bit system Data Bus 18 used to transfer data to and 
from the Interval Timer. ІҒа total of 52 time intervals 
were to be counted, the pattern 0 0 1 1 0 1 0 0 would be 
put on the Data Bus and written into the Interval Time 
register. 


At the same time that data is being written to the Interval 
Timer, the counting intervals of 1, 8, 64, and 1024T are 
decoded from address lines AO and А1. During a Read or 
Write operation address line A3 controls the interrupt 
capability of IRQ, i.e., АЗ = "1" enables TRO, АЗ = "0" 
disables IRQ. іп either case, when timeout occurs, bit 7 of 
the Interrupt Flag Register is set. This flag is cleared when 
the Timer register is either read from or written to by the 
processor. If IRQ is enabled by АЗ and an interrupt 
occurs, ЇВО will go low. When the Timer is read prior to 
the interrupt flag being set, the number of time intervals 


remaining will be read, i.e., 51, 50, 49, etc. 


When the Timer has counted down to 40000000 0“ an 
interrupt will occur on the next count time and the counter 
will read 471111111”. After interrupt, the Timer 
register decrements at a divide by 71” rate of the system 
Clock. If after interrupt, the Timer is read and a value of 
111100100" is read, the time since interrupt is 28T. 
The value read is in two's complement. 


07 06 05 04 D3 02 01 DO RAN A1 AO 










= INTERRUPT PROGRAMMABLE DIVIDE ` 
IRQ d E REGISTER | Down 62 
pee 





D7 D6 


Figure 1. 





D5 D4 D3 D2 D1 DO 


Basic Elements of Interval Timer 
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Thus, to arrive at the total elapsed time, merely do а two's 
complement and add “17 to the original time written into 
the Timer. Again, assume the time was written as “001 1 
0100" (= 52). With a divide by 8, total time to interrupt 
is (52 x 8) + 1 = 4177. Total elapsed time would be 416Т 
+ 28T = 4441, assuming the value read after interrupt was 
"11100100". 
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‚ After an interrupt, whenever the Timer is written or read, 
the interrupt is reset. However, the reading of the Timer at 
the same time the interrupt occurs will not reset the 
interrupt flag. 


Figure 2 illustrates an example of interrupt. 


E me ge 


тэн L2 ПАИС 
ССС 


Figure 2. Timer Interrupt Timing 


1. .Data written into Interval Timers is '00110100" 


ын 5210 
2. Data in Interval timer is "00011001"=25,6 


52 — 2^ – 1=52 —26 — 1 = 25 
3. Data in Interval Timer is "00000000" 7019 
52- 415 4-52-51-1-0 
. 4. Interrupt has occurred at $2 pulse #416 
Data in Interval Timer = 11111111" 
5. Data in Interval Timer is “10101100” 


two's complement is "01010100" = 84, 
84 + (52 x 8) = 500% 


When reading the Timer after ап interrupt, A3 should be 
low so as to disable the ІНО pin. This is done so as to 
avoid future interrupts until after another Write operation. 


Interrupt Flag Register 


The Interrupt Flag Register consists of two bits: the timer 
interrupt flag and the PA7 interrupt flag. When a read 
operation is performed on the Interrupt Flag Register, the 
bits are transferred to the processor on the data bus, as 
the diagram below indicates. 


INTERRUPT FLAG REGISTER 


а геа 


Тһе РА7 Над is cleared when the Interrupt Flag Register is 
read. The timer flag is cleared when the timer register is 
either written or read. 


Addressing 


Addressing of the UM6532/A is accomplished by. the 7 
address inputs, the RS input and the two chip select inputs 
CS1 and CS2. To address the RAM, CS1 must be high with 
CS2 and RS low. To address the 1/О and Interval Timer, 


"о" 


РА? FLAG 


TIMER FLAG 


CS1 and RS must be high, with CS2 low. As can be seen, to 
access the chip, CS1 is high and CS2 is low. To distinguish 
between RAM or 1/О-Тітег Section, the RS input is used. 
When this input is low, the RAM is addressed; when high, 


"ће МО Interval Timer section is addressed. To distinguish 


between Timer and 1/О, address line A2 is utilized. When 
A2 is high, the Interval Timer is accessed. When A2 is low, 
the I/O section is addressed. Table 1 illustrates the chip 
addressing. 
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Edge Sense Interrupt 





In addition to its use as a peripheral 1/О line, PA7 can 
function as an edge sensing input. In this mode, an active 
transition on PA7 will set the internal interrupt flag (bit 6 
of the Interrupt Flag Register). When this occurs, and 
providing the РА7 interrupt is enabled, the | ВО output will 
go low. 


Control of the PA7 edge detecting logic is accomplished by 
performing a write operation to one of four addresses. The 
data lines for this operation are "don't саге" and the 
addresses to be used are found in Table 1. 


The setting of the internal interrupt flag by an active 
transition on PA7 is always enabled, whether PA7 is set up 
as an input or an output. 


The RES signal disables the PA7 interrupt and sets the 
active transition to the “negative edge-detect'' state. During 


UM6532/A 


the reset operation, the interrupt flag may be set by a 
negative transition. It may, therefore, be necessary to clear 
the flag before its normal use as an edge detecting input is 
enabled. This can be achieved by reading the Interrupt 
Flag Register. 2 


МО Register-Timer Addressing 


Table 1 illustrates address decoding for the internal 
elements and timer programming. Address line A2 
distinguishes 1/О registers from the Timer. When A2 is low 
and RS is high, the 1/О registers are addressed. Once the 
1/О registers are addressed, address lines A1 and AO decode 
the desired register. 


When the timer is selected A1 and AO decode the 
"divide-by" matrix. This decoding is defined in Table 1. 
In addition, Address A3 is used to enable the interrupt flag 
to IRQ. 


Table 1. Addressing Decode 








Я 






ВАМ 
ОВА 
ООКА 

ORB 

DDRB 

Time, + 1, IRQ ON 
Timer, = 8 ВО ON 
Timer, = 64, IRO ОМ 
Timer, = 1024, IRO ON 
Timer, =1, (ВО OFF 
Timer, +8, IRQ OFF 
Timer, +64, IRO OFF 
Timer, = 1024, IRQ OFF 
Read Timer, IRO ON 
Read Timer, IRQ OFF 
Read Interrupt Flags 
НА? IRQ OFF, NEG 

















IITITITIIIIITITIIIrzr 








EDGE 

PA7 IRO OFF, POS 
EDGE 

РА? IRQ ON, NEG 
EDGE 

РА? IRQ ON, POS 


EDGE 


Notes: "X" = Address, "—" = Address bits are “don't саге", "+ 


Ordering Information 









UM6532 1 MHz 40L DIP 
UM6532A 40L DIP 
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UM6551 


Asynchronous Communication 
Interface Adapter (ACIA) 





Features 


в On-chip baud rate generator: 15 programmable baud 


rates derived from a standard 1.8432 MHz external 
crystal (50 to 19,200 baud) 

Programmable interrupt and status register to simplify 
software design 

Single +5 volt power supply 

Serial echo mode 

False start bit detection 


8-bit, bi-directional data bus for direct communica- 


General Description 


The UM6551 is an Asynchronous Communication Adapter 
(ACIA) intended for interfacing the 6500/6800 micro- 
processor families to serial communication data sets and 


Pin Configuration Block Diagram 


GND 


SELECT 
AND 
CONTROL 
LOGIC 








tion with the microprocessor 

External 16x clock input for non-standard baud rates 
(up to 125k baud) | 

Programmable: word lengths; number of stop bits; 
parity bit generation and detection 

Data set and modem control signals provided 

Parity: (odd, even, none, mark, space) 

Full-duplex ог half-duplex operation 

5, 6, 7, 8, and 9 bit transmission 


modems. А unique feature is the inclusion of an on-chip 
programmable baud-rate generator, with a crystal being 


the only external component required. 











TRANSMIT -- 
CONTROL SE 
TRANSMIT TRANSMIT 
DATA SHIFT тхр 
REGISTER REGISTER 
| | 
STATUS INTERRUPT oco 
REGISTER LOGIC bubo 
DSR 
RxC 
BAUD 
CONTROL КАТЕ ХТА 1 
REGISTER ENERATOR XTAL2 
RECEIVE RECEIVE 
DATA = SHIFT RxD 
REGISTER | REGISTER 
COMMAND RECEIVER 
REGISTER CONTROL 
DTA 
RTS 
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Absolute Maximum Ratings* *Comments 

Supply Voltage .................. —0.3V to +7.0V Stresses above those listed under "Absolute Maximum 
Input/Output Voltage .............. —03V to *7.0V Ratings" may cause permanent damage to the device. 
Operating Temperature................. 02С1о 70°C These are stress ratings only. Functional operation of 
Storage Temperature .........:..... —55°C to 150°C this device at these or any other conditions above those 


indicated in the operational sections of this specification 
is not implied. and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


DC Characteristics 
(Vcc = 5.0V + 5%, Ta = 0—70°C, unless otherwise noted) 


Пее Тэн 
Input High Voltage ___| Ун | 20 | - | № 
Input Low Voltage 


Input Leakage Current: Vin = О to 5V 
(ф2, RAN, RES, С5о, CS, , RSg, В5,, CTS, RxD, DCD, DSR) 
























Output High Voltage: || одр = - ТООЦА 


(DBy-DB,, TxD, RxC, RTS, DTR) 









Output High Current (Sourcing): Voy = 
(ОВо-ОВ,, TxD, RxC, RTS, DTR) 


Output Low Current (Sinking): Vo + 0.4V 
(DBg-DB7, TxD, RxC, RTS, ОТА, IRQ) 











TYPICAL 
POWER 
DISSIPATION 
(mW) 





о 
TAMBIENT ! С) 


Figure 1. Power Dissipation vs. Temperature 
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ЇСҮС 





tc 


VIH 


twcw tcwH 


$2 


VIL 


Мн 





= 


AI 


Figure 2. “Write” Timing Characteristics 


DATA BUS 


Write Cycle 
(Vcc = 5.0V + 5%, Тд = Ото 70°C, unless otherwise noted) 


UM6551 UM6551A 
Parameter 


Сме 
400 

NM 
120 
20 











теми [с | é _ 
Савана ан | 0 — 
[BM me |ә | 95 | 


(tr and tf = 10 to 30 ns) 








Crystal Specification Clock Generation 


1. Temperature stability + 0.0196 (0? to 70?C) 





2. Characteristics at 25°С + 2°C EXTERNAL 
a. Frequency (MHz) 1.8432 одаи ХТА 
b. Frequency tolerance (+ 96) 0.02 
c. Resonance mode Series 
d. Equivalent resistance (ohm) 400 max. 
e. Drive level mW 2 CIBGUIT XTAL2 
f. Shunt capacitance pF 7 max. 
g. Oscillation mode Fundamental 
No external components should be in the crystal circuit INTERNAL CLOCK EXTERNAL CLOCK 
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===. S| уа“ 
и КҮК И 
DATA BUS ААА — 


tcDA 


Figure 3. "Read" Timing Characteristics ____ 


Read Cycle 
(Усс = 5.0V + 5%, TA = 0 to 70°C, unless otherwise noted) 


Y 
| | = ТИ ЕРЕ 

Смени — — — ји | қож 
дизе | wm | "wm | - | 9 | -— 
оү NEN 

ЕСЕ КЕСТЕ 










[менее [м | 9 _ 
нилә wen | 39 ` 

БЕІН 

ШЕ 
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Read Data Hold Time EUN 
Bus Active Time (Invalid Data) 


Test Load 






OPEN COLLECTOR 
OUTPUT TEST LOAD 





С = 130рЕ MAX. FOR DBo-DB; 
С = ЗОРЕ MAX. FOR ALL OTHER OUTPUTS 
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Ф, 
ХТА 1 IDLY 
(TRANSMIT 
CLOCK INPUT) 
DTR, RTS 
чво 
TxD 
Note: TxD rate is 1/16 TxC rate TRO 
(CLEAR) 
Figure Да. “Transmit” Timing with External Clock ..Figure 4b. “Interrupt” and “Output” Timing 
tccv 
tcH 


RxC 
(INPUT) 


Note: RxD rate is 1/16 ВХС rate 


Figure 4c. “Receive” External Clock Timing 


Пари ос Characteristics 











| Transmit/Receive Clock High Time 
XTAL 1 to ТхО Propagation Delay 


(tr. tf = 10 to 30 ns input clocks only) 
* The baud rate with external clocking is: Baud Rate = 


Interface Signal Description 


RES (Reset) 


During system initialization, a low on the RES input will 
cause internal registers to be cleared. 


92 (Input Clock) 


The input clock is the system $2 clock and is used to 
trigger al! data transfer between the system microprocessor 
and the UM6551. 


R/W (Read/Write) 
The R/W is generated by the microprocessor and is used 


9М6551 UM6551A 
m | Min. | мах | Min | 


Transmit/Receive Clock Low Time 


ТИ ee 
Propagation Delay (RTS, ОТВ) | wry | - | 
| 1ВО Propagation Delay (Clear) | tra | - | 






225 [оъ је 
| [= 
[|= | 


to contro! the direction of data transfer. А high on the 
R/W pin allows the processor to read the data supplied 
by the UM6551. A low on the R/W pin allows a write to 
the UM6551. 


ІКО (Interrupt Request) 

The IRQ pin is an interrupt signal from the interrupt 
control logic. И is an "open drain” output, permitting 
several devices to be connected to the common IRO 
microprocessor input. Normally a high level, ТВО goes 
low when an interrupt occurs. 
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рВ,-ОВ- (Date Bus) 

The DBg-DB4 pins are the eight data lines used for 
transfer of data between the processor and the UM6551. 
These lines are bi-directional and are normally high- 
impedance, except during Read cycles, when selected. 


С5,, CS, (Chip Selects) 


The two “стр select” inputs are normally connected to 
the processor address lines either directly or through 
decoders. Тһе (/М6551 is selected when CSg is high 


and CS, is low. 


RS, , RS, (Register Selects) 
The two “register select” lines are normally connected to 
the ''processor address" lines to allow the processor to 


select the various UMG6551 internal registers. The 


following table indicates the internal “register select” 
coding: 






Transmit Data 
Register 


Programmed 
Reset (Data is 
"Don't Саге”) 






Receiver Data 





Register 
















Status Register 








Register Select Coding 


The table shows that only the “Соттапа” and “Control” 
registers are read/write. The "Programmed Reset” opera- 
tion does not cause a data transfer, but is used to clear 
the UM6551 registers. The Programmed Reset is 


ACIA/Medem Interface Signal Description 


XTAL1, XTAL2 (Crystal Pins) 


These pins are normally directly connected to the external 
crystal (1.8432 MHz) used to derive the various baud 
rates. Alternatively, an externally generated clock may 
be used to drive the XTAL1 pin; in which case, the XTAL2 
pin must “Ноа”, 


TxD (Transmit Data) 


The TxD output line is used to transfer serial NRZ 
(nonreturn-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first 
data bit transmitted and the rate of data transmission 
is determined by the baud rate selected. 


RxD (Receive Data) 


The RxD input line is used to transfer serial NRZ data 
into the ACIA from the modem, LSB first. The receiver 
data rate is either the programmed baud rate or the rate 
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slightly different from the Hardware Reset (RES) 
These differences are described in the individual register 
definitions. 


of an externally generated receiver clock. This selection. 
is made by programming the Control Register. 


RxC (Receive Clock) 


The RxC is а bi-directional pin which serves as either 
the receive 16x clock input or the receive 16x clock output. 
The latter mode results if the internal baud rate generator 
is selected for receive data clocking. 


RTS (Request to Send) 

The RTS output pin is used to control the modem from 
the processor. The state of the RTS pin is determined 
by the contents of the Command Register. 


CTS (Clear to Send) 

The CTS input pin is used to control the transmitter opera- 
tion. The enable state is with CTS low. The transmitter 
is automatically disabled if CTS is high. | 


V 
47 
ы. 
vu 

С 

а 
~ 
vu 

a 








(Доме 





ЦМ6551 





DTR (Data Terminal Ready) 


This output pin is used to indicate the status of the 
UM6551 to the modem. А low on ОТВ indicates the 
UM6551 is enabled and a high indicates it is disabled. 
The processor controls this pin via bit O of the Command 
Register. 


DSR (Data Set Ready) 


The DSR input pin is used to indicate the status of the 
modem to the UM6551. А low indicates the "ready" 
state and a high, "not-ready". DSR is a high-impedance 
input and must not be a "no-connect"'| If unused, it should 
be driven high or low, but not switched. 


Note: if Command Register Bit 0 = “1”, and a change of 
state on DSR occurs, ТВО will be set, and Status Register 


Internal Organization 


The Transmitter/Receiver sections of the UM6551 are 
depicted by the block diagram in Figure 5. 


Bit 6 will reflect the new level. The state of DSR does 
not affect either '"Transmit'' or “Receive” operations. 


DCD (Data Carrier Detect) 


The DCD input pin is used to indicate the status of the 
carrier detect output of the modem to the UM6551. A 
low indicates that the modem carrier signal is present 
and a high, that it is not. DCD, like DSR, is а high-im- 
pedance input and must not be a "no-connect"'. 


Note: № Command Register Вії 0 = "1", and a change of 
state оп DCD occurs, IRO will be set, and Status Register 
Bit 5 will reflect the new level. The state of DCD does 
not affect “Transmit” operation, but must be low for the 
"Receive'' to operate. 



















RxC 






CONTROL 
REGISTER 
BIT4s "1" - 


BAUD 
RATE 
GENERATOR 


BITS 0-3 in 
CONTROL 
REGISTER 







RECEIVER 
SHIFT REGISTER 


TRANSMITTER 
SHIFT REGISTER 


TxD 


Figure 5. Transmitter/Receiver Clock Circuits 


Bits 0-3 of the Control Register select the divisor used 
to generate the baud rate for the Transmitter. If the 
Receiver clock is to use the same baud rate as the 
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Transmitter, then Rx C becomes an output pin and can 
be used to slave other circuits to the UM6551. 





Соме 


Control Register 


The Control Register is used to select the desired mode 
for the UM6551. The word length, number of stop bits, 














STOP BITS 
“0” = 1 Stop Ви 
"1" = 2 Stop Bit 
1 Stop Bit if Word Length 

= 8 Bits and Parity* 

1% Stop Bits if Word Length 
= 5 Bits and No Parity 


WORD LENGTH 


DATA WORD 
ДЕ teams 
оо в | 
ПЛЕЙ Баса 
or. 6 | 
TUNE 


RECEIVER CLOCK SOURCE 


"OQ" = External Receiver Clock 
"1" = Baud Rate Generator 




















* This allows for 9-bit transmission (8 data bits plus parity) 
7 8 54 32 то 


|ојојојојојојојо 
-1-1-1-1-1-1-1- 


HAROWARE RESET 
PROGRAM RESET 








0М6551 


and clock controls are а! determined by the Control 
Register, which is depicted in Figure 6. 


CONTROL REGISTER 


BAUD RATE 
GENERATOR 


| О | 16x EXTERNAL CLOCK 
50  8AUD 


109.92 









cepisse 

еее] 
= је је|-|Јејеј-|-|5|еј 
Зее ее 

"m 





9,600 
19.200 





Figure 6. Control Register Format 


Command Register 


The Command Register is used to control Specific 
Transmit/Receive functions and is shown in Figure| 7. 


COMMAND REGISTER 





: PARITY CHECK CONTROLS 


OPERATION 
7165 


Parity Disabted Мо Parity Bit 
Generated No Parity Bit Received 
|O | 0] 1 | Odd Parity Receiver and Transmitter 


Even Parity Receiver and 
Transmitter 


Mark Parity Bit Transmitted, 
Parity Check Disabled 


Space Parity Bit Transmitted, 
Рагиу Check Oisabled 
























NORMAL/ECHÜ MODE 
FOR RECEIVER 


"0" = Normal 


"1" = Echo (Ви 2 апа 
З must бе 0°) 





















DATA TERMINAL READY 


“0” = Disable Receiver and АП 
Interrupts (DTR high) 


"1" = Enable Receiver and А! 
Interrupts (ОТА low) 





RECEIVER INTERRUPT ENABLE 






"0" = IRQ Interrupt Enabled from 
Bit 3 of Status Register 
"1" = [RO interrupt Disabled 






TRANSMITTER CONTROLS 


|3|2| INTERRUPT | LEVEL 

[O| Ощевеа | High | Off | 
oji] Enabled | Low | ^ On | 
I| O| бае | Low | ^ On | 
| [7] Оза | Low | Transmit BRK | 














3 





7 6 5 4 3 2 1 O 


HARDWARE RESET оо о о оогоо 


PROGRAM RESET 


Figure 7. Command Register Format 
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Status Register 


The Status Register is used to indicate to the processor 
the status of various 0М6551 functions and is outlined 
in Figure 8. 











STATUS SET BY 









AND THE NEXT ERROR FREE RECEIPT OF DATA. 


CLEARED BY 


ПЭЙЖ: “0” а No Error Даде 
“0” а No Error 


"О“ = No Error ХООР 
Receive Data 140 = Not Full Read Receive 
Register Full “T's Full Data Register 
Transmit Data | "0" = Not Empty | Write Transmit 
Register Empty | "1" = Empty Data Register 
па Not Resettable 
DCO 0" =DCD Low | Reflects DCD 
“ts ОСО High | State 
Not Resettable 
"1" = DCD Low DSA 


State 
“0” = No interrupt | Read 
"1" = Interrupt Status Register 


“МО INTERRUPT GENERATEO FOR THESE CONDITIONS. 
**CLEARED AUTOMATICALLY AFTER A READ OF ROR 








7 6 5 43 2 1 O 


НАЯСМАВЕ ВЕЗЕТ 101-1-1110101010! 
ePRocRAM ВЕЗЕТ (-1-1-1-1-101-1-| 


Figure 8. Status Register Format 


Transmit and Receive Data Registers 


These registers are used as temporary data storage for 
the UM6551 Transmit and Receive circuits. The Transmit 
Data Register is characterized as follows: 

€ Bit O is the leading bit to be transmitted. 


€ Unused data bits are the high-order bits and are "don't | 


care'' for transmission. 


The Receiver Data Register is characterized in a similar 
fashion: 
• Bit O is the leading bit received. 


“MARK” 





START 
BIT 


DATA BITS 


e Unused data bits are the high-order bits and аге “0” 
for the receiver. 

ө Parity bits аге not contained in the Receive Data 
Register, but are stripped-off after being used for 
external parity checking. Parity and all unused high- 
order bits are 07. 


Figure 9 illustrates a single transmitted or received data 
word, for the example of 8 data bits, parity, and 1 stop 
bit. 


“MARK” 





PARITY 
BIT 


STOP BIT 


Figure 9. Serial Data Stream Example 


Ordering information 
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UM6551 28L DIP 







28L DIP 
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Capacitance Keyboard Encoder (CKE) 





Features 
в 16x8. matrix, can build up to 128 key capacitance и Single 5V supply 
keyboard Ш High-speed CMOS technology 
@ Single chip with 16 scan drive outputs and 8 sense Ш Serve as easy interface to 8048 | 
inputs | B New CMOS sense technology, CMOS analog sense 
8 Two packages 28 pin for 88 key KB and 40 pin for circuit is built in | 
128 Кеу КВ B Byte wide sense, higher performance than serial sense 
B Keyboard scanning and encoding under complete technology | 


control of the user's computer, especially 8048 micro- 
computer 


General Description 


UM82C01 is a CMOS LSI, which offers interface between 
microcomputer and capacitive keyboard matrix. 40 pin 
УМ82001-1 is capable of scanning up to 128 low cost 


 capacitive keys. 28 ріп UM82C01-2 serves keyboard read these two nibbles from port 2. Then the micro- 
applications with less than 88 keys. computer can analyze them and generate the scan 


The keyboard scan is under complete control of the 
8048 series microcomputer writing to expand 1/О port. 
Port 2 data is multiplexed to initiate one of the scan 
lines. Sense circuit will receive the scan signal through 
capacitive keys if one key is pressed. Sense circuit includes 
CMOS analog and digital circuits which senses action by 


Pin Configurations 


c 
5 
Š 





m Wide frequency range, 1МН2 to 11 MHz 8048 сап be 
used 


following amplifying and latching of analog signals from . 
capacitive switches, these 8 data bits are then divided - 


and latched making two nibbles. Two instructions can 


code, 


Antiscan is used to enhance the simple capacitive switches 


that are usually used in capacitive keyboards, ОНегїпс 
switching threshold in sense input. This provides the 
keyboard with mechanical hysteresis which is built into 
the more expensive hall-effect and reed switches. 


ç 
о 
N 
8 
-. 
№ 
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УМ82С01 


INSTRUCTION MULTIPEXER 
DECODER AND 


SCAN LINE : 
DRIVER X10 


X11 (*) 


` Х15(*) 


||| | sme ЕЕЕ жн 


Il CONTROL BHR 
LOWER 


DATA NIBBLE 
SELECTOR LATCH 
AND 
DRIVER SENSE 


AMPLIFIER 


(5) Only in UM82C01-1 





Absoluté Maximum Ratings * · *Comments 

Operating Temperature ................ O? to 70°С Stresses above those listed under ''Absolute Maximum 
T 55° to 150°C Ratings" may cause permanent damage to the device. 

Storage Төтрегашге............... E These are stress ratings only. Functional operation of 

Power Supply: ла ле oru apo Ia uc Max. 7V . this device at these or any other conditions above those 

Voltage on АпуРт......... Увс —0.7V to Усс *0.7V  . indicated in the operational sections of this specification 


is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 
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DC Characteristics 
(Operating Voltage 5V + 10%) 


Digital 


Input High to Reference ТЭЭ 
Апајод | 
Input Low to Reference . Р Reference VREF 


Operating Current 


Stand by Power Supply Current 


AC Characteristics 
(TA = ОС to 70°С, Vec = БМ + 10%, Vss = OV) 


Parameter 


Address Latch Width | | 
Сусје Тіте . | 
Port Control Setup to PROG 

Port Control Hold to PROG | 
Port Output Data Setup 

Port Data Hold from PROG | | 
PROG Strobe to ALE 

PROG Pulse Width | 

PROG to Port 2 Input Valid | 

Input Data Hold from PROG | | 
ALE to SCAN Setup 

ALE to SCAN Ended 





Peripherals 














Соме J UM82CO01 


Timing Diagram 





END OF WRITE DEFINED ALE 


INSTRUCTION у / 
шинэс [ee “Сал | 


РОВТ t — 
ЕХРАМОЕО CONTROL i ‘PD 


PORT 
OUTPUT 
PORT 


EXPANDED 
PORT 


INPUT 
INPUT DATA 


ZEROING TIME 





Pin Description 


Ген зөө [о | знање 


| | 


Address Latch 
Enable Strobe 








This four-bit bidirectional port contains the address and control bits from 
8048 иС on a high to low transition of PROG. During a low to high transi- 
tion of the PROG signal, the port contains the selected scan data for UM82CO1 
if the last command is а write operation. The sense nibble data from UM82CO1 
15 latched during the low to high transition if the last command is a read 
operation. There exists a state flow in two continuous read operations which 
is called “read cycle". Upper nibble coming from sense inputs I4 to I7 is 
transferred in P20 to P23 from UM82CO01 during low to high transition of 
PROG of MOVD А, РБ instruction, and lower nibble coming from IO to ІЗ 
is transferred in P20 to P23 during low to high transition of PROG of МОМО 
A, P4 instruction. 















This pin comes direct from 8048 ALE. It is used as the time base as well ав 
address latch strobe. Our target is to let 8048 work between 1 MHz to 11 
MHz, so ALE varies from 66.6 KHz to 733.3 KHz. General PC key boards 
use 4 to 5 MHz 8048, hence, ALE is typically а 266.6 KHz strobe signal 
for a 4 MHz 8048. When ALE first goes from low to high in a write cycle, 











the PROG is activated and goes to low and at this time, Port 2 containing port 
address and write instruction codes is valid and should be latched Бу UM82C01 
to initiate the scan mode. 
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Pin Description (Continued) 


ALE 


Address Latch UM82C01 begins Zeroing stage of its sense amplifier at this instant. PROG will 
Enable Strobe go to high before second ALE of this write instruction. The Zeroing stage ends 
at the next ALE low to high transient. Timing Diagram, shows that this edge 
triggers the selected scan line to be active. The second ALE, which is next 
to end write instruction, is used to control scan line to inactive and its active 
transient is the high to low edge. In read cycle, when first ALE goes from 
high to low, PROG is activated to go to low, port 2 containing port address 
and read instruction code is valid and should be latched by UM82C01 to initiate 
the read mode. 






















Control Strobe An active low strobe comes direct from 8048 PROG. 8048, PROG is a control 
strobe to expanded 1/О. 0М82С01 is designed to locate expanded port 4 and 


port 5 in 8048. 


Every time PROG is activated, 0М82С01 is initiated in either write or read 
mode. When PROG goes inactive in a write cycle, selected scan data is valid in 
port 2 and is latched by UM82CO1 to encode the scan line. In a read cycle, 
latched upper and lower nibbles are valid circularly in port 2 at every PROG 
low to high transition. | 



















Scan Line Out 









These are the 16 full range drive outputs, One of the lines is activated in a 
write cycle. Selected scan data is latched and used to decode these sixteen 
scan lines so the scanning is fully programmable by 8048. The selected scan 
line is activated in the defined ALE rising edge and ended in the next ALE 
falling edge. (Reference to Timing Diagram). The defined ALE is the first 
ALE after the write instruction is finished. There are eleven scan lines for 28 
pin UM82CO01-2, X11 to X15 and are included in scan line driver for 40 pin 
UM82C01-1. 












Antiscan Out 





This is the antiscan output. This output is activated whenever no scanning 
occurs, and is deactivated when any one of ХО to X15 is activated. Antiscan 
is used to reduce the voltage in sense input when there is no scanning which 
prevents logic error, 















D 
С 
« 
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Peripherals 


These eight lines are inputs from capacitance keyboard matrix. The small 
current pulses caused by the scan lines and pressed keyswitches are detected 
here. | 


Connected to +Б\/ power supply. 


Normally connected to 40У ground. 








Application Description 


The Microprocessor The Key board 
Тһе capacitance keyboard encoder (СКЕ) UM82C01 is A keyboard is an aray of switches. The array consists of a 
designed to serve as an interface to 8048 series 8-bit two dimensional matrix, One side of the matrix (X-lines) is 


used to drive the array with a microprocessor chosen 


microprocessors. The user can control the keyboard | ; 
{ | IV th ? I Pm signal, while the other side (I-Lines) is connected to sense 
unction easily through programming of microprocessor, circuits. іп traditional configuration, users make use of 


which includes scanning reading and serves as an interface mechanical contact switches. With a new sensing 
to host computer. mechanism, capacitive switches present a good solution. 
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М82С01 
The Capacitive Switch 
X X + X X 
; соус 
| I, I I I 
(a) | (b) (a) (b) 


Figure 1. Mechanical Switch (a) Key off (b) Key on 


Fig. 1 shows the traditional mechanical switch, (a) When 
the key switch is off, X-lines and I-lines are open to each 
other, (b) When the key switch is on, X-lines and l-lines 
short together. Fig. 2, shows the capacitive switch, (a) 


C 


Vp O | pe 1 О AV SENSE] 
C Cs 


D 


ІН 
НЕА 


Figure 2. Capacitive Switch (a) Key off (b) key оп 


The key switch is off; only a small parasitic capacitance 


exists between X-lines and l-lines (b) The key switch 15 


on, a Con + Cp appears between X-lines and l-lines. 





ДУ sENSE1 = VD ' 


Figure 3a. Equivalent circuit for Capacitive Key 


Ур ср Сд 
АМТІ5САМ ф | 


V 


Бэ 
5САМ ф EJ Cp Се 


^V SENSE2 


Cp CA 


AVsense2 = Ур —— 


D 
Cs + Ср + CA Cs + СР + CA 


Figure 3b. Equivalent circuit for Capacitive Key with Antiscan Consideration 


In Fig. 3a, an equivalent circuit for a capacitive key is 
shown. The voltage AVsgyse, is decided by the scanning 


voltage Ур, capacitance C and Сс. 
In Fig. 3b, an antiscanning consideration. 15. presented. 


Writing 





The scanning trigger edge is taking place with the inverse 


voltage "antiscan", After this edge, the voltage AVsENsE2 
is decided by the voltage divided by Cp minus the voltage 
divided by CA. 


x2 


SCAN LINE 
(11 Lines for UM82C01-2) 


SENSE LINE 


Figure 4. Logic Symbol of the СКЕ 
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In system configuration, the CKE is designed to stand in expanded PORT 4. When 8048 reads the sensing code 
the expanded !/O port of 8048 microcomputer. The from the CKE, the CKE must be accessed through the 
CKE uses the PORT 2, ALE and PROG to serve as an expanded PORTS 4 and 5. PORTS 6 and 7 are reserved 
interface to the microprocessor. When 8048 writes а for the user. 


scan code to СКЕ, the CKE must be accessed through the = ` 


A: Address and Instruction 
B: Data 


Figure 5. PROG Timing of 8048 /Р PORT Expansion 





Address P21 P20 PORT Definitions 
0 0 РОНТ 4 Writing Port 
0 1 РОНТ5 (бате аб РОНТ 4) 
1 0 РОВТ 6 
1 1 РОВТ 7 
Instruction P23 P22 instruction Definitions 
== ———— ——— Е ЕН ИННА гине _ на њи 
0 0 READ 
0 1. WRITE Writing Instruction 
1 0 OR 
1 1 AND 


5 
ч 
« 
9, 


Peripherals 


Figure 6. Expanded Port Definition in Writing Cycle 





Ву using PORT 4 (PORT 5 the same) of 8048 series The timing diagram 15 shown in Fig. 7. 
microcomputer, the user can write his scanning data to 


the CKE chip. After the writing, two NOP instructions For example, if the user wants to scan X,-line, the recom- 
should be used to permit correct decoding and scanning. mended Assembly is as listed: 
Label Command Arguments Comments 


—————+є—————-— —_———-—-—-——-—.——.——.— 


SCAN1: MOV A, #ф1Н ‚ #61H Can Vary From 


; #ффн To #ФЕН 
MOVD РА, A 
NOP ; Wait Until СКЕ Starts 
NOP | ; Scanning. 
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ALE 


PROG 


P20-P23 


| 
| 
| 
| 


| 
| 
| 
| 
x1 | 
| 


| 
----- ыы Cycle —— — e 


00000 





First ALE of MOVD instruction 
Second ALE of MOVD instruction 
ALE of first NOP instruction 


ALE of second NOP instruction 
Edge of latch sense data 


. Figure 7. Timing Diagram of Writing and Scanning 


Scanning 


The CKE latches port address and instruction at the PROG 
high to low edge in Fig. 7, then enters the writing mode. 
At the PROG low to high edge, the CKE latches the data in 
P20—P23 which is now defined as the expanded PORT 4, 
and decodes the data to select the programmed scan line. 
Although the decoding and selection does not take much 
time, the scan line does not activate immediately. 


From the PROG falling edge to the rising edge of the ALE, 
to the MOVD instruction in Fig. 7, the Sense Amplifier of 
CKE is ‘Zeroing’. After the zeroing cycle, all the sense 
‘inputs are balanced at the reference voltage, and the select- 
ed scan line is activated at the falling edge of this ALE. 


The scanning lines Хо to Х; 5 can each be decoded from the 
hexadecimal data programmed in PORT 4 at the writing 
cycle. 


The scanning cycle equals an ALE cycle, so the scanning 
closes at the ALE falling edge of second NOP instruction as 
shown in Fig. 7. Before the end of scanning, Sense 
Amplifier will latch the sense data; These will be discussed 
in the Sensing section. 
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Antiscan 


Antiscan line Ху is low whenever any scanning is activated, 
and is high when all scan lines Хо to Хү, are low. 


If no key is pressed, the antiscan will generate a —AV to 
the reference voltage, so that the Sense Amplifier will sense 
a voltage lower than reference voltage and latch a denoted 
low after amplification. If any key is pressed and the key 
is scanned, the voltage divided by the on capacitance will 
be a + ДМ, so that the Sense Amplifier will sense a voltage 
higher than reference and latch а logic high after 
amplification. 


The effect on whether antiscanning is larger than 
scanning depends on whether the key is pressed or not 
A new CMOS sense technology called "Sense Amplifier” 
is built in the СКЕ, In Fig. 8, we show the zeroing and 
sensing of this technology. In zeroing cycle, the switch 
between the input and output of the inverter is closed, 
so the sense input pad equals the reference voltage. After 
zeroing cycle, the shorting switch at the inverting stage is 
opened and sensing circuit is activated. In Fig. 7, we сап 
see scanning also starts after zeroing. In fact, sensing is 
there writing for scanning. During the scanning cycle, 











UM82CO01 

















VREF 
VSCAN очно 
(а) Zeroing 
VANTI о 
А, 
УвсАм 0-4 
(b) Sensing 
Fig. 8. Zeroing and Sensing 
Reading 
the CKE will latch the sensing input at the edge in Fig. 7. Because the CKE serves as an interface to 8048 micro- 
computer by expanded PORT, the data must be 4-bits 
The CKE uses byte-wide sensing, and has 8-bit latches. wide. Whenever there is data in the latches, the user can 
After latching, the data is separated into two nibbles, read the sensing data in nibble form. The CKE is designed 
Higher Nibble and Lower Nibble, and stored. to stand at PORT 4 and PORT 5 in the reading cycle. 
: 
Address P21 P20 PORT Definitions 9 = 
С. 
0 0 РОВТ 4 Reading Lower Nibble 
0 1 PORT5 Reading Higher Nibble 
1 0 PORT 6 Not used 
1 1 PORT 7 Not Used 
Instruction . P23 P22 Instruction Definitions 
0 0 Read Reading Instruction 
0 1 Write | 
1 0 Ог 
1 1 Апа 
The latched data сап be read Бу 8048 іп two read writing, 0М82С01 will reject the writing instruction 
instructions, these two instructions need not but can be until the reading instruction has been executed. 
continuous, and higher nibble is defined to be read from 
PORT 5, lower nibble from PORT 4. Users must pay | The recommended reading Assembly is as listed and the 
attention for if no reading is instructed before the next timing diagram is shown in Fig. 10. 
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Label Command Arguments Comments 

Read 1: MOVD A, P5 ; Read Higher Nibble 
SWAP A | 
МОУ Еп, А 

Неад 2: MOVD A, P4 ; Read Lower Nibble and 
ORL .A, Rn ; Combine Nibbles to Byte 


| | 
| | 
| 


© © о © 


Port address and instruction of READ 1 
High nibble output from CKE 
Port address and instruction of READ 2 


Lower nibble output from CKE | 


(с) (ее) (е) 


Figure 10. Port Timing of Reading 


After the reading cycle, the microcomputer can use the The application therefore differs from the present cap- 
read data to generate scan code or key code easily. acitance Con and P. C. board parasitic capacitance Cp of 
general capacitance keyboards and consideration should be 
Application Note Ёл | given to design them in. Con and Ср are listed іп Table 1. 
| Се, CA and Сва are listed in Table 2. Table 3 (a) and (b) 

UM82C01 is a new solution for capacitance keyboard. are recommendations for capacitance selection. 


Table 1. 






P.C.B. Parasitic Capacitance 


Definition of Con and Cp 


= = 


Key on Capacitance . 
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Table 2. Definition of Cs , CA and Све 





Shunt Capacitance 
Antiscan Capacitance 
Capacitance between two senses 





(a) | (b) 


Typical Application _ 






TO KEYBOARD 
INTERFACE 


ПО Апа 
Peripherals 





16x8 MATRIX 


. 


X denotes shield by ground 





Ordering Information 


UM82C01—1 128 Key . 40 DIP | 
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0М82С11-С 


Printer Adapter Interface (РА!) 





Features 


Programmable paralle! printer interface 

Completely TTL-compatible I/O 

Reduces system package count 

User-controlled interrupt request 

Fully compatible with 2-80 and 8086 microprocessor 
families 


General Description 


The UM82C11-C, Printer Adapter Interface (РАЈ), fabricated 
with a silicon gate CMOS process, offers parallel port 
interface between the CPU and the printer, and is especially 
suitable as a printer adapter for industry-standard 
personal computers. 


The 0М82С11-С uses TTL logic to interface with the printer. 
Printer data bus pins can each source 2.6 mA and sink 
224 mA. Each of the four printer control pins can 
source 1.5 mA and sink 7mA, Тһе UM82C11-C fits the 


_ Pin Configurations 


m High driving capability 

Ш On-chip oscillator can be used to generate 1.5 MHz 
to 20 MHz oscillation 

ш Single 5V supply 


well-known Centronics printer interface. 


РДІ is also suitable for a personal computer interface board 
which contains RS-232C interface or display interface. 
The on-chip oscillator and +10 divider can be used to 
offer the BAUD-rate clock with RS-232C interface or 
the dot clock with monochrome display interface. 


The user can use the Data Bus, IOR, IOW, IRQ, and 
CS to interface РА! with 8086 or 2-80 microprocessors. 





ERROR 


ae SLCT 


st iD Ог 
папа 


37 
AO0-[.-— U C nm PE 
А1 Cc Г ОЛ ACK 
S Урру л —— BUSY 
3 NC СД (77777-21 STROB 
o чс [ — — ] AUTOFD 
= NC r —— UM82C11-C — —] INIT 
Ó NC SLCT 
XI. pe E тт” Vss 
x2 Co Г —1] POE 
CLK © ОС 
DCLK г | IRQ 
АТ ло MM D Y. 
48 13 
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BRIT INTERNAL 
DATA BUS 


"EAD DATA 


ERROR 
gus’ 





Absolute Maximum Ratings* *Comments 


Stresses above those listed under ‘‘Absolute Maximum 
Ratings” may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 


D.C Supply Voltage Мр p 
————— (€ -0.5М to 7V (with respect to Vss) 


Operating Temperature ............... ОРС – 70°C this device at these ог any other conditions above those 
Storage Temperature .............. —65°C — 150°C indicated in the operational sections of this specification 

is not implied and exposure to absolute maximum rating 
DC Electrical Characteristics conditions for extended periods may affect device re- 
(TA = 0° — 70°C, Vpp = + 5V + 10%) liability. 






ут | Paramor | Mis [ Тур 


VoL Output Low Voltage 
Уон Output High Voltage 2.4 
| Input Leakage 
IN Current 
Output Low Current 
Гого | 
Printer Data Вч = О 
| Output High Current 
OHD Printer Data Bus = 1 
Output Low Current 
ос | 
Printer Control Bus = 0 
Output High Current 
іонс | 
Printer Control Виз = 1 






UO 
С 
< 
2) 


Peripherals 








+10 ША Мор = 5.5\/ 

ViN = Мрр ог GND 
-2.6 mA Мор = 5.5 

Мон = 2.4V 


ley Tristate Leakage Current 
: Урр = 5.5V 
Quiescent Supply | ДА 
| 200 А Vin = ОУ ог V 
| Oscillation Frequency 
Operating Current* 10. тА = 20 MHz, Typical 
Application 


"Operating Current depends on oscillator frequency, output loading and operating temperature. 
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AC Characteristics 
(TA = 0° — 70°C, Voc = +6М + 10%, C, = 50 pF) 





WRITE 


READ 


Tww 
Taw 
Twa 
Tow 
Two 





Тав 
| 
ын ТОР to DO — D7 Output 


| Тарн 


2 · *Note: When the CPU reads the printer's status, output data may change if the printer signals are unstable. 





OTHERS 











Соме | UM82C11-C 


Pin Description 


m | энө | мөс са 
1 Х1 адын X1, X2 аге the pins то which a crystal (whose frequency is 
2 х2 "e | between 1.5 MHz and 20 МН?) is attached. 

Clock Out Ж A buffered oscillating clock output. 


h f i š 
DCLK Divided: Clóck m Sie clock output whose frequency is one-tenth that of 


An active high RESET pin. 

5 RST Reset When activated, printer control outputs STROB, AUTOFD, 
and SLCT are inactive, INIT is active, and IRQ is disabled remain- 
ing high impedance. 

TOW МО Write ‚А “Low” on this pin enables the CPU to write data or control 
words to PAI. 

7 I/O Read - А “Low” on this pin enables РА! to send data, control words or 
printer status to the CPU, It allows the CPU to read from PAI. 


This output pin is active high only when CS and IOR are activat- 
ed. 

. It indicates the direction of data transfer between the CPU data 

Direction 

bus,and РДІ. 
When high, РА! sends data, control words or printer status to 
the CPU. 
The bidirectional 8-bit data bus pins are connected to the system 
data bus. 

9-16 DO ~ 07 System Data Bus | 1/0 Data or contro! words are transmitted or received upon exe- 
cution of input or output instructions by the CPU. Status infor- 
mation on the printer is also received through the data bus. 

HHE 

















This is an interrupt request output pin, which is generated when 
АСК is high. 

This pin is enabled by writing D4 = 1 in the control word, and 
is disabled when D4 = 0. 

When RST is activated, this ріп is disabled. 


Chip Select Dr = ОН enables communications between the CPU and 


Interrupt 
Request 






Printer Data 


19 P 


When activated low, the printer is selected. 

21 SLCT Printer Slee This pin is programmable іп bit D3 by writing a control com- | 
mand. 
PAI outputs the inverted D3 to the SLCT pin. | 


The printer data output (PO ~ P7) is enabled when POE = 0 
and disabled otherwise. 








(Cont.) 
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Pin Description (Continued) 


22 INIT Initialize Мо 






















мо Description 





When activated low, the printer buffer is cleared. This pin is 
programmable in bit D2 by writing a control command and 
РА! outputs the D2 signal to this pin. 

The pulse width of the INIT must be more than 50 us for 
initialization of most printers. 


When this pin is low, the printer is fed automatically, one line 
after printing. 

This pin is programmable in D1 by writing a control command, 
and РДІ outputs the inverted 01 to this pin. 


AUTOFD | Auto Feed МО 
STROB Data Strobe I/O 


Busy State 


ACK Acknowledge 


Printer Selected 


When activated low, the printer reads in the data on printer data 
bus РО ~ Р7. 

It synchronizes the дата strobe between PAI and the printer. This 
pin is programmable in bit DO by writing a control command, and 
PAI outputs the inverted DO to this pin. 


This is an input pin driven by the printer. 
A "Най" indicates that the printer can't receive data at “During 
Data Entry", "During Part of Paper Feed", "During Printer 
Error Status", “During Printing” or “In Off-Line State". The 
CPU can read this signal in D7 by READ STATUS command. 







This is an input pin driven by the printer. 
A "Low" indicates that the data has been received and that 
printer is ready to accept other даа. The CPU can read this 
signal in D6 by the READ STATUS command. 
















EN 
ол 
UJ 
C 
c» 

LE 


This is a pin output from the printer. A ''High" indicates that 
the printer is out of paper. The CPU can read this signal in D5 by 
the "READ STATUS” command. 


This is always “High” unless the printer power is down, The CPU 
can read this signal in D4 by the "READ STATUS" command. 


This is input pin driven by the printer. 

it is” Low” only when the printer is in error status as shown below: 
(1) Paper end status. 

(2) Abnormal motor operation. 

(3) Off-line state. 

The CPU can read this status in D3 by the "READ STATUS" 
command. 


These output pins send out the data to the printer by the CPU 
"Writing Data” command. They are compatible with the TTL 


B ~ 
logic level. Тһе CPU can also “Read Back” these data which the 


3037) P7-PO Printer Data Bus Мо 
CPU last wrote by the "READ DATA" command. 


38 AO Add These input addresses, in conjunction with ТОВ, IOW, CS,control 
39 A1 is the selection of one of the five commands. 


Note: The CPU can “Read Back” the control command it last wrote by reading the control word, These are STROB, 
AUTOFD, INIT, SLCT and ІНОЕМ on the data bus DO ~ D4. 
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Function Description 


When reset is activated (RST = 1), 5ТВОВЕ-1, AUTOFD disabled. PAI offers five kinds of commands selected by 
-1, INIT 20, SLCT=1, and Interrupt Request "ВО" is А0, A1, IOW, ТОН and CS, as shown below: 


CIT arafa] ме __ 


CN СГ” 

ЗЕ | < | ° ЕЛІСІІ: 2 
=s NERE виа 
Ст небце — 
та 
ws 


UM82C11-C 










Read status from the printer. 
Write control word to the printer. 
живи Read control word on printer control bus. 


Notes: “711 Неда! to read anything when chip select is active and A0 = A1 = 1. 


1. WRITE DATA to the PRINTER 2. READ DATA on PRINTER DATA BUS 
Data on DO ~ 07 are present on PO ~ P7 bus, parallel At the falling edge of ТОЯ, data on PO ~ P7 is sent 
and sent to the printer. At the rising edge of ТОМ, back to CPU through DO ~ 07, CPU reads back the 
data is latched on the PO ^ P7 bus until the next falling printer data. 





edge of IOW. When POE = 1, PO ~ P7 bus are disabled 
"то tristate. When POE = 0 the PO ~ P7 is enabled. 


3. READ STATUS from the PRINTER 
CPU reads the real-time status of the printer, The states are: 





Note: The BUSY state is inverted on D7. 


4. WRITE CONTROL WORD to the PRINTER 
CPU writes the control word to the printer, The control signals are: 





CONTROL Signal 


The control signals are latched on printer control bus at the rising edge of ТОМУ. 
Note: "Interrupt Request Enable (IROEN)' is not present on any output pin, but enables the output pin IRQ when 04 
= 1, and disables | ВО to high impedance when 04 = 0 SLCT, AUTOFD and STROBE are inverted оп D3, 01 
and DO individually. 


5. READ CONTROL WORD on PRINTER CONTROL BUS 
At the falling edge of ТОВ, control signal is latched on IRQEN, SLCT pin, INIT pin, AUTOFD ріп and STROB pin are 
sent back to CPU on 04, 03, 02, D1 and DO individually. 
(1) When control word D4 = 0 — — — — — IRQ pin floating. 
(2) When control word D4 = 1 — — — —— RO = АСК. 
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A.C. Testing Input Waveforms 





2.0V 


2.0 
TEST POINT 
0.8 


0.8У 


OUTPUT LOAD: 50 pF 





Write Cycle Waveform 


00 ~ D? 
DATA BUS 


РО ~ Р7 
АМО 
РВІМТЕН 
ОАТА 805 





Interrupt Request Waveform 


| ВОЕМ 104) 


FLOATING 


= um оюы s s 
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Read Cycle Waveform 


DATA ОМ 

PRINTER DATA BUS 
OR CONTROL BUS 
OR STATUS BUS 





Reset Waveform 


AUTOFD 
SLCT 
STROB 


INIT 


ПО Апа 
Peripherats 








Clock Waveform 
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Typical Applications 
PAI on Printer Card 


PRINTER 25-РЇМ 


D SHELL 
CONNECTOR 


PO DATAO 
P1 ОАТА1 


ОЕСООЕВ PGE P2 DATA2 
P3 DATA3 
P4 DATA4 
РБ DATAS 
P6 ОАТА6 
Р7 DATA7 


UM82C11-C 


STROB 


AUTOFD 
INIT 


SLCT 





PAI on Multifunction Card 


ADORESS 
CS 


DECODER UM82C50A 


1 


0М82С11-С 


|. 
АС 


” жа v, 
CO " 
AAA 


67 
~ 


шин 
4 WP a WP a WP a WP e У. 


> 
N 


| 
ё 
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PRINTER 25-РЇМ 
D-SHELL CONNECTOR 
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UM82C450 


Asynchronous Communication 
Element (ACE) 








Features 


= Adds or deletes standard asynchronous communication | в Fully programmable serial-interface characteristics 
bits (start, stop, and parity) to or from a serial data — 5-,6-,7-, or 8 bit characters 
stream — Even, odd, or no-parity bit generation and detection 


а Full double buffering eliminates the need for precise 
synchronization 


1,1», or 2-stop bit generation 
Baud rate generation (DC to 56K baud) 


ш Independently controlled transmit, receive, line status, = False start bit detection 

and data set interrupts | в Complete status reporting capabilities 
= Programmable baud rate, generator allows division of m Easily interfaces to most popular microprocessors 

any input clock by 1 to (2!$— 1) and generates the = Line break generation and detection 

internal 16x clock m | гета! diagnostic capabilities 
m independent receiver clock input — Loopback controls for communications link fault 
= Modem contro! functions (CTS, RTS, DSR, ОТВ, isolation 

Rl, and carrier detect) — Break, parity, overrun, framing error simulation 
m Single +5 volt power supply ш Fully prioritized interrupt system controls 
General Description 
Тһе UM82C450 is a programmable Asynchronous Comm- the complete status of the ACE at any time during 
unication Element (ACE) chip fabricated using the Si- functional operation. The UM82C450 also includes a pro- 
Gate CMOS process. The UM82C450 is an improved grammable baud rate generator that is capable of dividing 
version of the UM82C50. It performs serial-to-parallel the timing reference clock input by divisors of 1 to (218 — | 
conversion on data characters received from a peripheral 1) and producing a 16x clock for driving the internal 
device ог a modem, апа parallel-to-serial conversion оп transmitter logic. 


data characters received from the CPU. The CPU can read 


Pin Configuration 





Do [ ]! an LI Усс 
Dy | 42 39 | 181 
D2 | 13 38 | | DCD 
Оз | [4 37 [_] DSR 
04 15 36 | | CTS 
О; 16 35 | | МА 
De |? 34 | |06011 
О? [48 33 | |ОТН 
RCLK Цо c 321 |RTS 
SIN[ ] 10 5 311100т2 
sour Ц 11 c зо [ ] INTRPT 
cso[ 112 B 29 Г ме 
CS1[ 113 о 281 | Аб 
CS2 Г | 14 271 | А: 
BAUDOUT Г 115 26 | Аз 
XTAL1 [ 1 16 25 1 | ADS 
ХТА121| | 17 244 | CSOUT 
DOSTR 23 1 0015 
DOSTR | 119 221 | DISTR 





Vss [ | 20 21| | DISTR 
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Block Diagram 





07-00 22 


Аб 
Ал 
Аз 


С50 
С51 


С52 


Ар5 
MR 
DISTR 
DISTR 
OOSTR 
DOSTR 
DDIS 
CSOUT 
ХТА 1 
ХТА! 2 








INTERNAL 
DATA BUS 


DATA RECEIVER 


BUS 
BUFFER 


BUFFER 
REGISTER 
















LINE 
CONTROL 
REGISTER 





DIVISOR 
LATCH (LS) 


GENERATOR 





DIVISOR 
LATCH (MS) 


SELECT 
& 


CONTROL 
LOGIC 






STATUS 
REGISTER 


TRANSMITTER 
HOLDING 
REGISTER 


MODEM 
CONTROL 
REGISTER 


MODEM 
STATUS 
REGISTER 














INTERRUPT 
ENABLE 
REGISTER 









INTERRUPT 
CONTROL 
LOGIC 






INTERRUPT 
ID 
REGISTER 
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RECEIVER 


SHIFT 
REGISTER 





RECEIVER 
TIMING 
& 
CONTROL 





TRANSMITTER 
TIMING 
& 
CONTROL 


TRANSMITTER 
SHIFT 
REGISTER 





MODEM 


CONTROL 
LOGIC 
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SIN 


RCLK 


BAUDOUT 
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Absolute Maximum Ratings* *Comments 

Temperature Under Bias ............. 0°C to +70 С Stresses above those listed under "Absolute Maximum 
Storage Temperature ............. —65°С to + 150°С Ratings" may cause permanent damage to the device. 
АН input or Output Voltages with . These are stress ratings only. Functional operation of 
Respect to Увс ................. -0.5У to + 7.0V this device at these or any other conditions above those 
Power Әізвірайбоп...................... 60 mw indicated in the operational sections of this specification 


is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device ге- 
liability. 


DC Electrical Characteristics 
TA = 0°C to +70°C, Усс = +5V + 5%, Vss = OV, unless otherwise specified. 


юе [== |. 





Symbol 





iL Input Low Voltage 
IH Input High Voltage 
VoL Output Low Voltage lo, = 1.6 mA опа!” [| | v 
Мон Output High Voltage Іо = -1.0mA* ВА 


Icc (AV) | Амо Power Supply Current (Усс) Усс = 5.25М, T4 = 25°C 
No Loads on output 
SIN, DSR, RLSD, 
CTS, RI = 2.0V 

All other inputs = 0:8V 


V 
V 


























Vec = 5.25У, Vas = OV 
All other pins floating. 
Vin = OV, 5.25% 


input Leakage 
Clock Leakage 


TRI-STATE Leakage 











liL 
ісі 
[02 








Vee = 5.25У, Мед = ОМ 
Vout = 0У,5.26У 

1) Chip deselected 

2) WRITE Mode, chip 
selected 


О 

















MR 5сит Мин 


* Does not apply to ХТА 2 


VIHMR 





Capacitance 
TA zs 25°С, Усс 2 Усс = ОМ 


[Symbol | —  "Paameer _____ Condro ___ 
Clock Input Capacitance 
Clock Output Capacitance 


Input Capacitance 
Output Capacitance 






















fo= 1MHz 





Unmeasured pins 
returned to Ves 
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AC Characteristics 
Ta = 0°C to 70 С, Voc = +5V + 5% 





ШЕГІ Parameter] Conditions | ИГУ Me | Umi. 
of -| s 
Las анов 
"Зан ЕЕ —— | С П СЗ 
[s | мр давваетие 0000-11-15 2 
он | Chip Select Ho Time 1061-1068. 
Tow | DBTRIDISTA sewan —_ —_ | — s 
"ас Гоо 
Read Cyle = tan” Би T tac. |е T m 
се| 
ЕСТЕН п 


— 
e 
2 


2 
Ф о| Оо) о | о 


360 
tDDD Delay from DISTR/DISTR to Data | @ 100 pF loading BENE 125 
tuz DISTR/DISTR to Floating Data Delay @ 100 pF loading* ** EIN 


[ Том | DOSTR/DOSTRStbeWidth — — | 2, ПРВИ ДИ: 
Write Cycle Dei 210 И 
| WC | Write Cycle = taw + toow + twe Батлан Мн 

Ls | авара 


2 
[72 


5 


t DISTR/DISTR Delay from Address e БЕЙ 


2 |5 
[7 


ТВА" 
АВ” 
сев” DISTR/DISTR Delay from Chip Select 
twa* Address Hold Time from DOSTR/DOSTR 

ж 
АМ 
(хн 


212 
о | 





" twcs' | Chip Select Hold Time from DOSTR/DOSTR 


а а | ЖӨН 
Г-БОЕТҮҮОбЕҮН Delay fom Aadres | 617 
сэн" Г.БОТТЕЗО51Н Delay from Sect је 
Duration of Clock High Pulse [External Clock (3.1 MHz Ма.) 144) | 

era Cok 91 arsa 


2 





t 


2 





= 
Ф 






Duration of Clock Low Pulse 


2 
72 


(5748 






Baud Generator 


papir | i p 
его | Bad Output Negative Edge Bey — | — ПОРТ | 25 
wo | Baod Output Poste ан баар [йш |] 

Цуу Baud Output Down Time . 425 





= 
2 
o 


2 


= 


-— 

N 

сл 
(22) ce 


Receiver 
tscp Delay from RCLK to Sample Time 


tou. | Delay from DISTR/DISTR о 100 pF Load a 
RINT | (RD RBR/RDLSR) to Reset Interrupt 5 
5 Applicable only when ADS is tied low. 


** RCLK is equal to Тхн апа Üx,. 
*** Charge and discharge time is determined by Мо, Мон and the external loading. 


ns 
из 
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AC Characteristics 


Transmitter | 
Delay from DOSTR/DOSTR (WR THR) ` iare РИ же В 
to Reset Interrupt 
Delay from Initial INTR Reset to 24 RCLK 
Transmit Start Cycles 
. RCLK 
ИЛИШЕТ 
. RCLK 
Delay from DISTR/DISTR (RD IIR) 250 Ps 
to Reset Interrupt (T HRE) VORHER eee ШЕ 


Modem Control 


Delay from DOSTR/DOSTR (WR MCR) ір БЕГЕН 
to Output 
Delay to Set Interrupt from MODEM Input 100 pF Load 


Delay to Reset Interrupt from DISTR/ 
DISTR (RD MSR) 100 pF Load EN 250 


Timing Waveforms 





sige + 
=-= x 
т = 






Delay from Initial Write to Interrupt 


ез 
2 


4 


23 
m 


Їмро 


Там 


Там 


EXTERNAL CLOCK INPUT (3.1 MHz МАХ.) | АС ТЕЗТ РОМТ5 


рано цаа 


BAUDOUT TIMING 


нама 


tBHD = = 
зво-#4<+ — pe tuw 


BAUD OUT 
ew — tH — "uw 
—| |4 1810 НМ 
BAUD OUT 
(+2) 
tBLD [8 чу 
++  -—]|—<вН0О tHw + = + Чү — 
ВАЧО ООТ 
ee) дд 
„||  —j BHD м —ије—————- tw = (N-2) XTAL1 CYCLES 
BAUD OUT 
(N,N > 3) 


tLw=2 XTAL1 CYCLES 
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Timing Waveforms (Continued) 


| taw — 
ADS \ / \ / | 
Ie tas >| | tar 
Аз. A1, Ав Х 
| TON | ‘сн || МА" 


z gum 
LOC) Улму у 


| все ы ——— twcs* 


| < m emer шиш ам» шен «ма ақы эвээ — чив 


| | Е-ісәм” | 
tAW* WC 
tDow—>}+—— twc ——+| 
зета 22 Хи XK Хм 


ОК 


gu Хе 
DOSTR/DOSTR | ACTIVE 


tos = ton 
DATA 
Do-Dz VALID DATA 


* Applicable Only When ADS is Tied Low. 





WRITE CYCLE 
















CSOUT 








READ CYCLE 


|— taw — 


Fetas—] | - ТАН 
(Е-е untere 


све свь сво __ улп — | =X 


tp мне tRC — 
| | А 
U 
DOSTR/DOSTR | | ACTIVE 
н-ң" tps r^ 00 
DDIS \ / 
tDDD | |н 
ОАТА VALID 
Do-D4 DATA 


* Applicable Only When ADS is Tied Low. 
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Timing Waveforms (Continued) 
RECEIVER TIMING | 


RCLK 
СЕК ЕЕЕ S CLKS = = sl | 'SCD 
SAMPLE CLK 
SIN г 
(RECEIVER START DATA BITS (5-2) STOP 
INPUT 
DATA) 


SAMPLE | | | | | | | | | 
CLK 
лэ 

INTERRUPT 
(DATA READY OR 
RCVR ERR) 
DISTR/DISTR (2) 

(READ RÉC Х active X 

DATA BUFFER 
OR RDLSR! 
TRANSMITTER TIMING 


t 
= | + “57! 
INTERRUPT 

(ТНВЕ) 

E THR | | 
-- tsi [* 
DOSTR/DOSTR (1) 
(WR ТНВ) | | 


=" | 
DISTR/DISTR (2 
(во НЯ) 


MODEM CONTROL TIMING 


DOSTR/DOSTR (1) 
(WR MCR) | 
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DISTR/DISTR (2) 
(RD MSR) 
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Pin Description 
Input Signals 


Chip Select (CSO, С51, CS2), Pins 12-14: When CSO and 
CS1 are high and С52 is low, the chip is selected. Chip 
selection is complete when the decoded chip select signal 
is latched with an active (low) Address Strobe (ADS) input. 
This enables communication between the ACE and the 
CPU. 


Data Input Strobe (DISTR, DISTR), Pins 22 and 21: When 
DISTR is high or DISTR is low while the chip is selected, it 
allows the CPU to read status information or data from a 
selected register of the ACE. Only an active DISTR or 
DISTR input is required to transfer data from the ACE 
during a read operation. Therefore, tie either the DISTR 
input permanently low or the DISTR input permanently 
high, if not used. 


Data Output Strobe (DOSTR, DOSTR), Pins 19 and 18: 
When DOSTR is high or DOSTR is low while the chip is 
selected, it allows the CPU to write data or control words 
into a selected register of the АСЕ, Only an active DOSTR 
or DOSTR input is required to transfer data to the ACE 








during a write operation. Therefore, tie either the DOSTR ' 





input permanently low or the DOSTR input permanently 
high, if not used. 


Address Strobe (ADS), Pin25: When low, provides latch- 
ing for the Register Select (Ag, A,, A2) and Chip Select 
(С50, CS1, CS2) signals. An active ADS input is required 
when the Register Select (Ag, Ai, A2) signals are not 
stable for the duration of a read or write operation. If 
not required, tie the ADS input permanently low. 


Register Select (Az, А, Ад), Pins 26—28: These three 
inputs are used during a read or write operation to select 
. an ACE register to read from or write to as indicated 
in Table A. Тһе DLAB must be set high by the 
system software to access the Baud Generator Divisor 
Latches. 


Master Reset (MR), Pin 35: This input is buffered with 
a TTL-compatible Schmitt Trigger with O.5V typical 
hysteresis. When high, it clears all the registers (except 
the Receiver Buffer, Transmitter Holding, and Divisor 
Latches), and the control logic of the ACE. Also, the state 
of various output signals (SOUT, INTRPT,OUT 1,007 2, 
RTS, DTR) are affected by an active MR input. (Refer 
to Table 1.) 











Receiver Clock (RCLK), Pin 9: This input is the 16x 
baud rate clock for the receiver section of the chip. 


Serial Input (SIN), Pin 10: Serial data input from the com- 
munications link (peripheral device, MODEM, or data set). 


Clear to Send (CTS), Pin 36: The CTS signal is a MODEM 
control function input whose conditions can be tested 





by the CPU by reading bit 4 (CTS) of the MODEM Status 
Register. Bit O (DCTS) of the MODEM Status Register 
indicates whether the CTS input has changed state since 
the previous reading of the MODEM Status Register. CTS. 
has no effect on the Transmitter. Whenever the CTS bit 
of the MODEM Status Register changes state, an interrupt 
is generated if the MODEM Status Interrupt is enabled. 


Receiver Buffer (read), Transmitter 
Holding Register (write) 

Interrupt Enable 

Interrupt Identification (read only) 
Line Control 

MODEM Control 

Line Status 

MODEM Status 

Scratch 

Divisor Latch (least significant byte) 
Divisor Latch (most significant byte) 









o 
© 










— — X X X X X KO O 
OQ O — > — — O O O 
о O — — O O — — о 
— O- О ~ O — о — 









Table A. Register Address 


Data Set Ready (DSR), Pin 37: When low, this indicates 
that the MODEM or data set is ready to establish the com- 
munications link and transfer data with the ACE. The DSR 
signal is а MODEM-control function input whose condition 
can be tested by the CPU by reading bit 5 (DSR) of the 
MODEM Status Register. Bit 1 (DDSR) of the MODEM 
Status Register indicates whether the DSR input has 
changed state since the previous reading of the MODEM 
Status Register. Whenever the DSR bit of the MODEM 
Status Register changes state, an interrupt is generated if 
the MODEM Status Interrupt is enabled. 


Data Carrier Detect (DCD), Pin 38: When low, indicates 
that the data carrier has been detected by the MODEM or 
data set. The DCD signal is a MODEM-control function 
input whose condition can be tested by the CPU by reading 
bit 7 (DCD) of the MODEM Status Register. Bit 3 (DDCD) 
of the MODEM Status Register indicates whether the 





DCD input has changed state since the previous reading 





of the MODEM Status Register. DCD has no effect on the 
receiver. Whenever the DCD bit of the MODEM Status 


Register changes state, an interrupt is generated if the 
MODEM Status Interrupt is enabled. 


Ring Indicator (RI), Pin 39: When low, indicates that a 
telephone ringing signal has been received by the MODEM 
or data set. The RI signal is a MODEM -control function 
input whose condition can be tested by the CPU by reading 
bit 6 (RI) of the MODEM Status Register. Bit 2 (TERI) 
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of the MODEM Status Register indicates whether the В! 
input has changed from a low to a high state since the 
previous reading of the MODEM Status Register. Whenever 
the RI bit of the MODEM Status Register changes from a 
high to a low state, an interrupt is generated if the MODEM 
Status Register is enabled. 


Vec , Pin 40: «БУ supply. 
Vss, Pin 20: Ground (OV) reference. 


Output Signals 


Data Terminal Ready (DTR), Pin 33: When low, informs 
the MODEM or data set that the ACE is ready to communi- 
cate. The DTR output signal can be set to an active low by 
programming bit O (DTR) of the MODEM Control Register 
to a high level. The DTR signal is set high upon a Master 
Reset operation. The DTR signal is forced to its inactive 
state (high) during loop mode operation. 


Request to Send (RTS), Pin 32: When low, informs the 
MODEM or data set that the ACE is ready to transmit 
data. The RTS output signal can be set to an active low 
by programming bit 1 (RTS) of the MODEM Control 
Register. The RTS signal is set high upon a Master Reset 
operation. The RTS signal is forced to its inactive state 
(high) during loop mode operation. 


Output 1 (OUT 1), Pin 34: User-designated output that 
can be set to an active low by programming bit 2 (OUT 1) 
of the MODEM Contro! Register to a high level. The 
OUT 1 signal is set high upon a Master Reset Operation. 
The OUT 1 signal is forced to its inactive state (high) during 
loop mode operation. j 





Output 2 (OUT 2), Pin 31: User-designated output that 
сап бе set to an active low by programming bit 3 (OUT 2) 
of the MODEM Control! Register to a high level. The 
OUT 2 signal is set high upon a Master Reset Operation. 
The OUT 2 signal is forced to its inactive state (high) during 
loop mode operation. 


Chip Select Out (CSOUT), Pin 24: When high, indicates 
that the chip has been selected by active, CSO, CS1, and 
CS2 inputs. No data transfer can be initiated until the 
CSOUT signal is a logic 1. CSOUT goes low when chip 
is deselected. 





Driver Disable (DDIS), Pin 23: Goes low whenever the 
CPU is reading data from the ACE. A high-level DDIS 
output can be used to disable an external transceiver (if 
used between the CPU and ACE on the D4—Dg Data Bus) 
at all times, except when the CPU is reading data. 


Baud Out (BAUDOUT), Pin 15: 16 x clock signal for the 
transmitter section of the ACE, The clock rate is equal 
to the main reference oscillator frequency divided by the 
specified divisor in the Baud Generator Divisor Latches. 





/М82С450 


Тһе BAUDOUT may also be used for the receiver section 
by tying this output to the RCLK input of the chip. 


Interrupt (INTRPT), Pin 30: Goes high whenever any one 
of the following interrupt types has an active high condi- 
tion and is enabled via the IER: Receiver Error Flag; 
Received Data Available; Transmitter Holding Register 
Empty; and MODEM Status. The ІМТНРТ signal is reset 
low upon the appropriate interrupt service or a Master 
Reset operation. 


Serial Output (SOUT), Pin 11: Composite serial data 
output to the communications link (peripheral, MODEM 
or data set). The SOUT signal is set to the Marking (logic 
1) state upon a Master Reset operation. 


Input/Output Signals 


Input/Output Signals for the data bus and External clock, | 


Data (0--40, ) Bus, Pins 1-8: This bus comprises eight 
TRI-STATE input/output lines. The bus provides bidirec- 
tional communications between the ACE and the CPU. 
Data, control words, and status information are transferred 
via the D; —Do Data Bus. 


External Clock Input/Output (XTAL 1, XTAL 2), Pins 16 
and 17: These two pins connect the main timing reference 
(crystal or signal clock) to the ACE. 


Programmable Registers 


The system programmer may access or control any of 
the ACE registers summarized in Table 2 via the CPU. 
These registers are used to control ACE operations and to 
transmit and receive data. 


Line Control Register 


The system programmer specifies the format of the asyn- 
chronous data communications exchange via the Line 
Contro! Register. іп addition to controlling the format, 
the programmer may retrieve the contents of the Line 
Control Register for inspection. This feature simplifies 
system programming and eliminates the need for separate 
storage in system memory of the line characteristics. 
The contents of the Line Control Register are indicated 
in Table 2 and are described below. 


Bits O and 1: These two bits specify the number of bits 
in each transmitted or received serial character. The en- 


coding of bits O and 1 is as follows: 
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Ви 2: This bit specifies the number of Stop bits in each 
transmitted character. ІҒ bit 2 is a logic 0, one Stop bit 
is generated in the transmitted data. !f bit 2 is a logic 1 
when a 5-bit word length is selected via bits O and 1, one 
and a half Stop bits are generated. If bit 2 is a logic 1 when 
either a 6-, 7-, or 8-bit word length is selected, two Stop 
bits are generated. The Receiver checks the first Stop-bit 
only, regardless of the number of Stop bits selected. 


Bit 3: This bit is the Parity Enable bit. When bit 3 isa 
logic 1, а Parity bit is generated (transmit data) or checked 
(receive data) between the last data word bit and Stop bit 
of the serial! data. (The Parity bit is used to produce an 
even or odd number of 1s when the data word bits and 
the Parity bit are summed.) 


Bit 4: This bit is the Even Parity Select bit. When bit 3 isa 
logic 1 and bit 4 is a logic O, an odd number of logic 1s 
is transmitted or checked in the data word bits and Parity 
bit. When bit 3 is a logic 1 and bit 4 is a logic 1, an even 
number of logic 1s is transmitted or checked. 


Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and 


5 are logic 1 the Parity bit is transmitted and checked by 
the receiver as а logic 0. № bits 3 and 5 are 1 and bit 4 


Table 1. Reset Functions 





Interrupt Identification Register 
















Line Status Register 














Regie Saal 


АН Bits Low 


Master Reset 


Line Contro! Register All Bits Low 
MODEM Control Register All Bits Low, 


Master Reset 


is a logic O then the Parity bit is transmitted as a O. 


Bit 6: This bit is the Break Control bit. When it is set to 
a logic 1, the serial output (SOUT) is forced to the Spacing 
(logic O) state. The break is disabled by setting bit 6 to 
a logic О. The Break Control bit acts only on SOUT and 
has no effect on the transmitter logic. 


Note: This feature enables the CPU to alert a terminal in 

a computer communications system. № the following 

sequence is followed, no erroneous or extraneous characters 

will be transmitted because of the break. 

1. Load an all Os, pad character, in response to T HRE. 

2. Set break after the next THRE. 

3. Wait for the transmitter to be idle, (ТЕМТ = 1), and 
clear break when normal transmission has to be restored. 


During the break, the Transmitter can be used as a charac- 
ter timer to accurately establish the break duration. 


Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It 
must be set high (logic 1) to access the Divisor Latches of 
the Baud Generator during a Read or Write operation. 11 
must be set low (logic O) to access the Receiver Buffer, 
the Transmitter Holding Register, or the Interrupt Enable 
Register. 





Bit O is High, Bits 1 and 2 Low 
Bits 3 - 7 are permanently Low 











š All Bits Low, 
Except Bits 5 & 6 are High 





Bits 0 - 3 Low 
^ Bits 4- 7 — Input Signal 
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Tabie 2. Summary of Accessible Registers 


Register Address 















Receiver 
Buffer 
Register 






Interrupt 
Enable 
Register 







Enable 
Received 
Data 
Available 
Interrupt 
(ЕВВҒІ) 


Enable 







Data Bit O*| Data Bit O 


u 


Bit O 


В 






























ransmitter 
Holding Overrun 
Register Error 





Empty (OR) 
Interrupt 


(ETBEI) 



































Enable 
Receiver Edge 
| 2 [Data Bit 2 [Data Bit 2 20, Ring |Bit2 | Bit2 | вито 
Indicator 
Interrupt | 
(ELSI) (TERI) 









Enable 























MODEM Framing | Data 2 

З [Data Bit 3|Data Ви 3 | Status Error Carrier эт 
Interrupt (FE) Detect < E 

(EDSSI) (DDCD) o8 

= © 

с 





Вгеак 
Interrupt 
(ВІ) 








яа 
На КБ ” B 
Parity 


Transmitter 
Holding 
Register 
(ТНВЕ) 
















Set Transmitter 
Data Bit 6 | Data Bit 6 Break 0 Етріу Ви 14 
(ТЕМТ) 












Оата 
Саггјег 
Detect 
(DCD) 






Data Bit 7 









мин 


“ BitO is the least significant bit. It is the first bit serially transmitted or received. 


7 
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Programmable Baud Generator 


The ACE contains a programmable Baud Generator that is 
capable of taking any clock input (DC to 3.1 MHz) and 
dividing it by any divisor from 1 to 216. 1), The output 
frequency of the Baud Generator is 16 x the Baud [divisor 
i = (frequency input) — (baud rate x 16)]. Two 808 
latches store the divisor in a 16-bit binary format. These 
Divisor. Latches must be loaded during initialization in 
order to ensure desired operation of the Baud Generator. 
Upon loading either of the Divisor Latches, a 16-bit Baud 
counter is immediately loaded. This prevents long counts 
on initial load. 


Tables 3 and 4 illustrate the use of the Baud Generator 
with crystal frequencies of 1.8432 MHz and 3.072 MHz 
respectively. For baud rates of 38400 and below, the error 
obtained is minimal, The accuracy of the desired baud 
rate is dependent on the crystal frequency chosen. The 
maximum operating frequency of the Baud Generator is 
3.1 MHz. However, when using divisors of 3 and below, 
the maximum frequency is equal to the divisor in MHz. 
For example, if the divisor is 1, then the maximum 
frequency is 1 MHz, т no case should the data rate be 
greater than 56К Baud. 


Line Status Register 


This 8-bit register provides status information to the CPU 
concerning the data transfer. The contents of the Line 
Status Register are indicated in Table 2 and are described 
below. 


Bit С: This bit is the receiver Data Ready (DR) indicator. 
Bit O is set to a logic 1 whenever a complete incoming 
character has been received and transferred into the Re- 
ceiver Buffer Register. Bit O is reset to a logic O by reading 
the data in the Receiver Buffer Register. 


Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 
indicates that data in the Receiver Buffer Register was 
not read by the CPU before the next character was trans- 
ferred into the Receiver Buffer Register, thereby destroy- 
ing the previous character. The OE indicator is reset when- 
ever the CPU reads the contents of the Line Status Re- 
gister. | 


Ви 2: This bit is the Parity Error (PE) indicator. Bit 2 
indicates that the received data character does not have 
the correct even or odd parity, as selected by the even- 
parity-select bit. The PE bit is set to a logic 1 upon detec- 
tion of a parity error and is reset to a logic O whenever 
the CPU reads the contents of the Line Status Register. 


Bit 3: This bit is the Framing Error (FE) indicator. Bit 3 
indicates that the received character did not have a valid 
Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit 
following the last data bit or parity bit is detected as a 
zero bit (Spacing level). The FE indicator is reset whenever 
the CPU reads the contents of the Line Status indicator. 
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Table 3. Baud Rates Using 1.8432 MHz Crystal 


Divisor Used 
to Generate 
16 x Clock 


Percent Error 
Difference Between 
Desired and Actual 


Desired 
Baud Rate 














EXTERNAL 


CLOCK XTAL1 


0М82С450 


OPTIONAL 


OPTIONAL а 


CLOCK 
OUTPUT 


XTAL1 
0М82С450 


Typical Crystal Oscillator Network 
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Table 4. Baud Rates Using 3.072 MHz Crystal Bit 4: This bit is the Break Interrupt (81) indicator. Bit 4 
is set to a logic 1 whenever the received data input is held 
in the Spacing (logic 0) state for longer than a full word 

.transmission time (that is, the total time of Start bit + 
data bits + Parity + Stop bits). The БІ indicator is reset 
whenever the CPU reads the contents of the Line Status 
indicator. Bits 1 through 4 are the error conditions that 
produce a Receiver Line Status interrupt whenever any 
of the corresponding conditions are detected. 


Desired Divisor Used Pencent Error 


to Generate Difference Between 


Baud Rate 16 x Clock | Desired and Actual 


Bit 5: This bit is the Transmitter Holding Register Empty 
(THRE) indicator. Bit 5 indicates that the ACE is ready 
to accept a new character for transmission. In addition, 
this bit causes the ACE to issue an interrupt to the CPU 
when the Transmit Holding Register Empty Interrupt 
enable is set high. The THRE bit is set to a logic 1 when 
a character is transferred from the Transmitter Holding 
Register into the Transmitter Shift Register. The bit is 
reset to logic 0 concurrent with the loading of the Trans- 
mitter Holding Register by the CPU. 


Bit 6: This bit is the Transmitter Empty (TEMT) indicator. 
Bit 6 is set to a logic 1 whenever the Transmitter Holding 
Register (THR) and the Transmitter Shift Register (TSR) 
are both empty. It is reset to a logic 0 whenever either 
the THR or TSR contains a data character, 





Table 5. Interrupt Control Functions 















Interrupt Identification 
Register 






interrupt Set and Reset Functions 










Priority Interrupt 


Source 


Interrupt 
Reset Control 








Overrun Error 





















or 
Pari Ё 
Весемег чш Reading the 
Line Status Framing Error Line Status Register 
Or 


Break Interrupt 











Reading the | 
Receiver Buffer Register | 

















Reading the 











ИВ Register 
Transmitter Transmitter (if source of interrupt) 
Holding Register Holding Register ог 





Empty Empty Writing into the 
Transmitter Holding 


Register 








Clear to Send 





















Or 
MODEM Data T Ready Reading the 
POUN Status Ring Indicator MODEM Status - 
g Register 









or 
Data Carrier 
Detect 
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Bit 7: This bit is permanently set to logic 0. The Line 
Status Register is intended for read operations only.. 
Writing to this register is not recommended as this opera- 
tion is used for factory testing. 


Interrupt Identification Register 


The ACE has an on-chip interrupt capability that allows for 
flexibility in interfacing popular microprocessors presently 
available. In order to provide minimum software overhead 
during data character transfers, the ACE prioritizes inter- 
rupts into four levels. The four levels of interrupt condi- 
tions are as follows: Receiver Line Status (priority 1); 
Received Data Ready (priority 2); Transmitter Holding 
Register Empty (priority 3); and Modem Status (priority 
4). 


Information indicating that a prioritized interrupt is pend- 
ing and the type of that interrupt are stored in the Inter- 
rupt Identification Register (IIR). When addressed during 
chip-select time, the ИВ freezes the highest priority inter- 
rupt pending and no other interrupts are acknowledged 
until the particular interrupt is serviced by the CPU. The 
contents of the ИВ are indicated in Table 2 and are de- 
scribed below. 


Bit 0: This bit can be used in either a hardwired prioritized 
or polled environment to indicate whether an interrupt is 
pending. When bit O is a logic O, an interrupt is pending 
and the ИВ contents тау be used as a pointer to the ap- 
propriate interrupt service routine. When bit O is a logic 1, 
no interrupt is pending and polling (if used) continues. 


Bits 1 and 2: These two bits of the IIR are used to identify 
the highest priority interrupt pending as indicated in 
Table 5. 


Bits 3 through 7: These five bits of the IIR are always 
logic O. 


Interrupt Enable Register 


This 8-bit register enables the four types of interrupts of 
the ACE to separately activate the chip interrupt (INTRPT) 
output signal. It is possible to totally disable the interrupt 
system by resetting bits O through 3 of the Interrupt Enable 
Register. Similarly, by setting the appropriate bits of 
this register to a logic 1, selected interrupts can be enabled. 
Disabling the interrupt system inhibits the Interrupt 14- 
entification Register and the active (high) INTRPT out- 
put from the chip. All other system functions operate 
in their normal manner, including the setting of the Line 
Status and MODEM Status Registers. The contents of the 
Interrupt Enable Register are indicated in Table 2 and are 
described below. 


Bit 0: This bit enables the Received Data Available Inter- 
rupt when set to logic 1. | 


Ви 1: This bit enables the Transmitter Holding Register 
Empty Interrupt when set to logic 1. 


Bits 2: This bit enables the Receiver Line Status Interrupt 
when set to logic 1. 


Bit 3: This bit enables the MODEM Status Interrupt when 
set to logic 1. 


Bits 4 through 7: These four bits are always logic O. 


MODEM Control Register 


This 8-bit register controls the interface with the MODEM 
or data set (or a peripheral device emulating a MODEM). 
The contents of the MODEM Control Register are indicated 
in Table 2 and are described below. 


Bit 0: This bit controls the Data Terminal Ready (DTR) 
output. When bit O is set to logic 1, the DTR output is 
forced to a logic O. When bit O is reset to a logic O, the 
DTR output is forced to a logic 1. The DTR output of 
the ACE may be applied to an EIA inverting line drive 
(such as the DS1488) to obtain the proper polarity input 
at the succeeding MODEM or data set. 


Bit 1: This bit controls the Request to Send RTS output. 
Bit 1 affects the RTS output in a manner identical to that 
described above for bit O. 


Bit 2: This bit controls the Output 1 (OUT 1) signal, which 
is an auxiliary user-designated output. Bit 2 affects the 
OUT 1 output in a manner identical to that described 
above for bit O. 


Bit 3: This bit controls the Output 2 (OUT 2) signal, which 
is an auxiliary user-designated output. Bit 3 affects the 
OUT 2 output in a manner identical to that described above 
for bit O. 





Bit 4: This bit provides a local loopback feature for diagno- 
tic testing of the ACE. When bit 4 is set to logic 1, the 
following occur: the transmitter Serial Output (SOUT) is 
set to the Marking (logic 1) state; the receiver Serial Input 
(SIN) is disconnected; the output of the Transmitter Shift 
Register is ‘‘looped back” into the Receiver Shift Register 
input; the four MODEM Control inputs (CTS, DSR, DCD, 
and RI) are disconnected; and the four MODEM Control 
outputs (DTR, RTS, OUT 1, and OUT 2) are internally 
connected to the four MODEM Control inputs, and the 
MODEM Control output pins are forced to their inactive 
state (high). |п the diagnostic mode, data that is transmit- 
ted is immediately received. This feature allows the pro- 
cessor to verify the transmit-and received-data paths of 
the ACE. 


In the diagnostic mode, the receiver and transmitter inter- 
rupts are fully operational. The MODEM Control Inter- 
rupts are also operational, but the interrupts' sources are 
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now the lower four bits of the MODEM Control Register 
instead of the four MODEM Control inputs. The interrupts 
are still controlled by the Interrupt Enable Register. 


Bit 5 through 7: These bits are permanently set to logic O. 


MODEM Status Register 


This 8-bit register provides the current state of the control 
lines from the MODEM (or periphera! device) to the CPU. 
In addition to this current-state information, four bits 
of the MODEM Status Register provide change information. 
These bits are set to a logic 1 whenever a control input 
from the MODEM changes state. They are reset to logic 
O whenever the CPU reads the MODEM Status Register. 


Accessible Registers 


The contents of the MODEM Status Register are indicated 
іп Table 2 and are described below. 


Bit O: This bit is the Delta Clear to Send (DCTS) indicator. 


Bit O indicates that the CTS input to the chip has changed 
state since the last time it was read by the CPU. 


Bit 1: This bit is the Delta Data Set Ready (DDSR) in- 
dicator. Bit 1 indicates that the DSR input to the Chip 
has changed state since the last time it was read by the 
CPU. 


Bit 2: This bit is the Trailing Edge of Ring Indicator 


Typical Application 


SYSTEM BUS 





Ао-Аҙ3 
ADDRESS 
DECOOER 
80286 
Оо-015 


p 


С52 


CS1 
CSO 


MR 


U 


00:01 





(TERI) detector. Bit 2 indicates that the Ri input to the 
chip has changed from a low to a high state. 


Bit 3: This bit is the Delta Data Carrier Detect (DDCD) 
indicator. Bit 3 indicates that the DCD input to the chip 
has changed state. Whenever bits О, 1,2, ог 3 are set to 
logic 1, a MODEM Status Interrupt is generated. 


Bit 4: This bit is the complement of the Clear to Send 


(CTS) input. If bit 4 (loop) of the MCR is set to a 1, this 
bit is equivalent to RTS in the MCR. 


Bit 5b: This bit is the complement of the Data Set Ready 
(DSR) input. If bit 4 of the MCR is set to a 1, this bit is 
equivalent to DTR in the MCR. 


Bit 6: This bit is the complement of the Ring Indicator 
(RI) input. If bit 4 of the MCR is set to a 1, this bit is 
equivalent to OUT 1 in the MCR. 


Bit 7: This bit is the complement of the Data Carrier 
Detect (ОСО) input. If bit 4 of the МСН is set to a 1, this 
bit is equivalent to OUT 2 of the MCR. 


Scratchpad Register 


This 8-bit Read/Write Register does not control the ACE 
іп any way. It is intended as a scratchpad register to be 
used by the programmer to hold data temporarily. 


1 
š = с 
EU 

XTAL2 

хэс Т. 

uL | 
RCLK 
SOUT 
SIN 
M82C450 ___ 
RTS 

EIA RS-232 
DRIVERS Ку? INTERFACE 
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Parallel/Asynchronous 
Communication Element 





Features 


ІВМ PC/AT compatible 

UM82C450 with on-board Centronix printer есь 
Completely pin-and upward-compatible with the dual 
serial channel UM82C452 

Independent control of transmit, receive, line status 
and data set interrupts 


Description 


Тһе UM82C451 is an enhanced version of the popular 
UM82C450 asynchronous communications element (АСЕ). 
The serial channel performs serial-to-parallel conversion 
on data characters received from peripheral devices or 
modems, and parallel-to-serial conversion of data char- 
acters transmitted by the CPU. The complete status of the 
Parallel/Asychronous Communications Element (P/ACE) 
can be read at any time during functional operation by 
the CPU, The information obtained includes the type 
and condition of the transfer operations being performed, 
and error conditions. И is fully pin-and upward-compatible 
with the dual serial channel UM82C452. The second 
serial channel of the UM82C452 occupies pins that аге 
VCC, GND, or NC (not connected) on the UM82C451. 


Pin Configuration 
GND GNO CLK GND АС ACK BUSY VCC GND 
GND РЕ |SLCT | ERR (бмр 


98 76 5.4 3 2 ! 6867 66 65 64 63 62 61 
10 60 
11 е 59 
12 58 
13 57 
14 56 
15 55 
16 54 
53 
0М82С451 52 
51 
20 | 50 
21 49 
22 48 
23 47 
24 2220246 
25 45 
26 


27 2829 30 31 3233 34 35 3637 38 39 40 41 42 43 


В 
CTSO RIO CSO А! ПОМ CS2 VCC GND 





m Individual modem control signals 

Programmable Serial interface characteristics: 

— 5-, 6-, 7- or 8-bit characters 

— Емеп-, odd-or no-parity bit generation and detection 
— 1,1 1/2 or 2 stop bit generation 

m Three-state TTL drive for the data and control bus 


Тһе UM82C451 also provides the user with a fully bi- 
directional parallel! data port that fully supports the parallel 
Centronics type printer, This port allows information 
received from either serial communication port to be 
printed from the P/ACE. The parallel port, together with 
the serial port, provides ІВМ PC/AT compatible computers 
with a single device to serve the two system ports. 


A programmable baud rate generator is included that 
can divide the timing reference clock input by a divisor 


between 1 and (2! $—1). 
The UM82C451 is packaged in a 68-pin plastic leaded 
chip carrier. 


Block Diagram 


РОО-РО? 





PARALLEL 


PORT 1B 


SLIN 
INT2 
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Input/Output Read strobe: This is an active Low input signal used 
to cause the selected channel to output data to data bus (DBO- 
DB7). 


Input/Output Write strobe: This is an active Low input signal 
used to cause data input from data bus (DBO-DB7) to the channel 
selected. 


Address lines A2-AO: The address lines are used to select the in- 
ternal register in selected channels during CPU cycle. 


Chip Selects: Each chip select input acts as an enable of each 


channel during read and write, CSO selects Serial Channel O and 
CS2 selects Parallel Port. 


Ú 

[^ 

WwW 

O1 
> 2 
М e 
2 = 


Bus Buffer Output: This active high output is asserted when апу 
channel is selected. This output can be used to control the system 


32,38 CSO, CS2 
bus driver device (7415245). 


Data Bit DBO-DB7: The data bus provides eight three-state 1/О 
lines for the transfer of data, control and status information be- 
tween CPU and UM82C451. These lines are normally in a high- 

PP ПЗВ? uo impedance state except during read operation. DO is the least 
significant bit (LSB) and is the first serial bit to be transmitted 
or received. 


Reset: When low, the reset input forces the UM82C451 into an 
idle state in which all serial data activities are suspended. The 
Registers and signals of the UM82C451 are all cleared to the 
state as indicated in Table 1. 





НО Апа 
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17 
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Serial Data Output: This line is the serial data output of UART, 
used to transmit serial data to communication link. SOUT is held 





SOUTO 
in marking (logic 1) state when the transmitter is disabled, reset, 


the Transmitter Register is empty, or when in the loop mode. 


Serial Data Input: This line is used to receive serial data from the 
communication line or modem into the UART. Data on serial 
data inputs is disabled during the loop mode. 


SINO 


Request To Send: This signal is an active low output for UART, 
When active, it informs the Modem or data set that the controller 
is ready to send data. This signal is set low by writing logic 1 to 
MCR (1) and reset to high by Reset. 


RTSO 


№ 
I 
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2 
m 
o» 
m 
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Data Terminal Ready: This signal is an active low output for 





UART. When active, it informs the modem or data set that the 
controller is ready to communicate. This signal is set low by 
writing logic 1 to MCR (0) and reset to high by Reset. 


О 
4 
D 
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Pin Description (Continued) 


Clear to send: This signal is an active low input for UART. The logic 
state of this signal is reflected in MSR (4) and any change of state 
in either CTS pin will set DCTS bit MSR (0) of each Modem Status 
Register. When active, this pin informs that the Modem or data set 
is ready to receive data. 










28 CTSO 


Data Set Ready: This signal is an active low input for UART. The 
logic state of this signal is reflected in MSR (5) and any change of 
state in either DSR pin will set DDSR bit MSR (1) of each Modem 
Status Register. When active, the signal informs that the Modem or 
data set is ready to establish communication. 













DSRO 





Receiver Line Signal Detect: This is an active low input for UART. 
The logic state of this signal is reflected in MSR (7) and any change 
of state іп either DCD pin will set DDCD bit MSR (3) of each 


Modem Status Register. When active, this pin informs that the data 
carrier has been detected by Modem or data set. 


RLSDO 





9 


Ring Indicator: This signal is an active low input Тог UART. Тһе 
logic state of this signal is reflected in MSR (6) and TERI bit MSR 
(2) will be set when the state of either RI pin is changed from low 
to high. 


«e - 


кы 
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Clock Input: The external clock input from a crystal oscillator. 


Q 
о 
ha 















Line Printer Output Enable: This input signal enables the data out- 
puts of the parallel line printer when it is low. When it is high, the 
data pins of line printer are held in a high-impedance state, This 
pin may be tied to ground for normal line printer operation. 





Parallel Data Bus: This bus provides a byte-wide input or output 
port to the system. The eight lines are held in a high-impedance 
state when the port is not selected. 


53-46 PDO-PD7 


- 
79 
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Acknowledge: This signal goes low to indicate that the printer has 
already received a character and is ready to accept another. 


Paper Empty: This signal goes high when the line printer has run 
out of paper. 


Busy: This signal goes high when the line printer has a local opera- 
tion in progress and cannot accept data. 






BUSY 


о» 

< 
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SLCT Selected: This signal goes high when the line printer has been 
selected. | 


e 
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Functional Description: 


Serial Channel Registers 


Three types of internal registers are used in the serial 
channel of the UM82C451. They are used in the opera- 
tion of the device, and are the control, status, and data 
registers. The contro! registers are the Bit Rate Select 
Register DLL (Divisor Latch LSB) and DLM (Divisor 
Latch MSB), Line Control Register. Interrupt Enable 
Register, and the Modem Control registers, while the status 
registers are the Line Status Registers and the Modem 
Status Register. The data registers are the Receiver Buffer 
Register and the Transmitter Holding Register. The Ad- 
dress, Read, and Write inputs are used in conjunction 


Error: This signal goes low when the line printer has encountered 
an error condition. 


Line Printer Select: This signal is used to select the printer when 
it is low. 


Line Printer Initialize: When this signal goes low, it will allow 
the line printer initialization routine to be started. 


Line Printer Autofeed: When this signa! goes low, it will cause the 
printer to line-feed after a line is printed. 


Line Printer Strobe: When this signal is low, it provides the line 
printer a signal to latch the data currently on the parallel port. This 
signal should keep low at least 0.5 us to ensure the completion of 
data latch. 


Serial Channel Interrupt: Serial channel interrupt goes high when 
one of the following interrupts has an active condition and is en- 
abled by the [ER of its associated channel: Receiver Error Flag, 
Receiver Data Available, Transmitter Holding Register Empty, and 
Modem Status. The interrupt is reset to low upon appropriate 
service, This pin will be held in a high-impedance state if the MCR 
(3) of each associated channel is programmed low (logic 0), 


Line Printer Interrupt: This interrupt goes low when ACK goes 
low. This signal is enabled by Bit 4 of the Printer Control Register 
and will be held in a high-impedance state if Bit 4 of the printer 
Control Register is programmed low. 


UM82C451 














with the Divisor Latch Access Bit in the Line Control 
Register [LCR (7)] to select the register to be written to 
or read (see Table 1). Individual bits within these registers 
are referred to by the register mnemonic and the bit 
number in parenthesis. An example, LCR (7) refers to 
Line Control Register Bit 7. 


The Transmitter Buffer Register and Receiver Buffer 
Register are data registers holding from five to eight bits 
of data. If less than eight data bits are transmitted, data 
is right justified to the LSB. Ви 0 of a дата word is always 
the first serial data bit received and transmitted. The 
UM82C451 data registers are double-buffered so that 
read and write operations can be performed at the same 
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Table 1. Serial Channel Internal Registers 
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X = "Don't Care” 0 = Logic Low 


Note: The Serial Channel 0 is accessed when С50 15 low. 


time the UART is performing the parallel-to-serial and 
serial-to-paralle! conversion. 


The format of the data character is controlled by the 
Line Control Register. The contents of the LCR may 
be read, eliminating the need for separate storage of the 
line characteristics іп system memory. The contents of 
the LCR are described below. 


LCR (0) Word Length Select Bit O (WLSO) 
LCR (1) Word Length Select Bit 1 (WLS1) 
LCR (2) Stop Bit Select (STB) 

LCR (3) Parity Enable (PEN) 

LCR (4) Even Parity Select (EPS) 

LCR (5) Stick Parity 

LCR (6) Set Break 

LCR (7) Divisor Latch Access Bit (DLAB) 


LCR (0) and LCR (1) word length select bit 1: The number 
of bits in each serial character is programmed as shown 
in the following chart: 


0 0 5 Bits 
0 1 
1 0 
1 21 


LCR (2) Stop Ви Select: LCR (2) specifies the number 
of stop bits in each transmitted character. If LCR (2) 
is a logic O, one stop bit is generated in the transmitted 
data. If LCR (2) ва logic 1 when а 5-bit word length 


















Receiver Buffer Register (read only) 
Transmitter Holding Register (write only) 
Interrupt Enable Register 

Interrupt Identification Register (read only) 
Line Control Register 

Modem Control Register 

Line Status Register 

Modem Status Register 

Scratch Register 
Divisor Latch (LSB) 
Divisor Latch (MSB) 


1 = Logic High 


is selected, 1.5 stop bits are generated. If LCR (2) ба 
logic 1 when either a 6-, 7-, or 8-bit word length is selected, 
two stop bits are generated. The receiver checks for two 
stop bits if programmed. 


LCR (3) Parity Enable: When LCR (3) is high, a parity 
bit between the last data word bit and stop bit is generated 
and checked. 


LCR (4) Even Parity Select: When parity is enabled (LCR 
(3) = 1). LCR (4)-0 selects odd parity, and LCR (4) = 1 
selects even parity. 


LCR (5) Stick Parity: When parity is enabled (LCR (3) = 
1), LCR (5) = 1 causes the transmission and reception 
of a parity bit to be in the opposite state from that in- 
dicated by LCR (4). This allows the user to force parity 
to a Known state and for the receiver to check the parity 
bit in a Known state. 


LCR (6) Break Control: When LCR (6) is set to a logic 
"1", the serial output (SOUT) is forced to the spacing 
(logic O) state. The break is disabled by setting LCR (6) 
to a logic “0”, The Break Control bit acts only on SOUT 
and has no effect on the transmitter logic. Break Control 
enables the CPU to alert a terminal in a computer com- 
munications system. № the following sequence is used, 
no erroneous or extraneous characters will be transmitted 
because of the break. 


1. Load an all “0% pad character in response to THRE. 

2. Set break in response to the next THRE. 

3. Wait for the transmitter to be idle (TEMT = 1, 
and clear break when normal transmission has to 
be restored. 
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Word 
Length 
Select 


Stop 
Bit Select 


Parity 
Enable 


Even 
Parity 
Select 


Stick 
Parity 


Break 
Control 


Divisor 
Latch 
Access 





Bit 


Figure 1. 


LCR (7) Divisor Latch Access Bit (DLAB): LCR (7) must 
be set high (logic 17) to access the Divisor Latches DLL 
and DLM of the Baud Hate Generator during a read or 
write operation. LCR (7) must be input low to access 
the Receiver Buffer, the Transmitter Holding, or the 
Interrupt Enable Registers. l 


The Line Status Register (LSR) is a single register that 
provides status indications. The LSR is usually the first 
register read by the CPU to determine the cause of an 
interrupt or to poll the status of the serial channel of the 
UM82C451. 


Three error flags OE, FE, and PE provide the status of 
any error conditions detected in the receiver circuitry. 
During reception of the stop bits, the error flags are set 
high by an error condition. The error flags are not reset 
by the absence of an error condition in the next received 
character. The flaqs reflect the last character only if no 
overrun occurred. The Overrun Error character in the 
Receiver Buffer Register has been over-written by 
a character from the Receiver Shift Register before 
being read by the CPU. The character is thereby lost. 
Framing Error (FE) indicates that the last character 
received contained incorrect (low) stop bits. This is caused 
by the absence of the required stop bit or by a stop bit 


UM82C451 


5 Data Bits 
6 Data Bits 
7 Data Bits 


1 Stop Bit 

1.5 Stop Bits if 5 Data Bits Selected 2 Stop 
Bits if 6, 7, 8 Data Bits Selected 

Parity Disabled 

Parity Enabled 


Odd Parity 
Even Parity 


Stick Parity Disabled 
Stick Parity Enabled 


Break Disabled 
Break Enabled 


Access Receiver Buffer 
Access Divisor Latches 





Line Control Register 


too short to be detected. Parity Error (PE) indicates that 
the last character received had a parity error based on 
the programmed and calculated parity of the received 
character. 


The Break Interrupt (В!) status bit indicates that the 
last character received was a break character. A break 
character is an invalid data character. However, it is an 
entire character, including parity and stop bits. 


The Transmitter Holding Register Empty (THRE) bit 
indicates that the THR register is empty and may receive 
another character. The Transmission Shift Register Empty 
(TEMT) bit indicates that the Transmitter Shift Register 
is empty, and the serial channel has completed transmission 
of the last character to be sent. If the interrupt is enabled 
[IER (1)] an active THRE causes an interrupt (INTRPT). 


The Data Ready (DR) bit indicates that the АВВ has 
been loaded with a received character (including Break) 
and that the CPU may access this data. 


Reading the LSR clears LSR (1) LSR (4). (OE, PE, FE, 
and ВІ.) 


The contents of the Line Status Register shown in Table 
2 are described as follows: 
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Table 2. Line Status Register Bits 


LSR Bits 


LSR (0) Data Ready (ОН) 
LSR (1) Overrun Error (OE) 
LSR (2) Parity Error (РЕ) 


LSR (3) Framing Error (FE) 
LSR (4) Break Interrupt (BI) 
LSR (5) Transmitter Holding Register Empty (THRE) 
LSR (6) Transmitter Empty (TEMT) 
LSR (7) Not Used 


LSR (0) Data Ready (DR): Data Ready is set high when 
an incoming character has been received and transferred 
into the Receiver Buffer Register. LSR (0) is reset low 
by a CPU read of the data in the Receiver Buffer Register. 


LSR (1) Overrun Error (OE): Overrun Error indicates 
that data in the Receiver Buffer Register was not read 
by the CPU before the next character was transferred 
into the Receiver Buffer Register, overwriting the previous 
character. The OE indicator is reset whenever the CPU 
reads the contents of the Line Status Register. 


LSR (2) Parity Error (PE): Parity Error indicates that 
the received data character does not have the correct 
even or odd parity, as selected by the Even Parity Select 
bit [LCR (4)]. The PE bit is set high upon detection 
of a parity error, and is reset low when the CPU reads 
the contents of the LSR. 


LSR (3) Framing Error (FE): Framing Error indicates 
that the received character did not have a valid stop bit. 
LSR (3) is set high when the stop bit following the last 
data bit or parity bit is detected as a zero bit (spacing 
level). The FE indicator is reset low when the CPU reads 
the contents of the LSR. 


LSR (4) Break Interrupt (Bl): Break Interrupt is set high 
when the received data input is held in the spacing (logic 


O) state for longer than a full word transmission time - 


(start Би + data bits + parity + stop bits). The B! indicator 
is reset when the CPU reads the contents of the Line 
Status Register. 


LSR (1)-LSR (4) are the error conditions that produce 
a Receiver Line Status interrupt (priority 1 interrupt 
in the Interrupt Identification Register (IIR)) when any 
of the conditions are detected. This interrupt is enabled 
by setting IER (2) = 1 in the Interrupt Enable Register. 


LSR (5) Transmitter Holding Register Empty (THRE): 
THRE indicates that the UM82C450 is ready to accept 
a new character for transmission. The THRE bit is set 
high when a character is transferred from the Transmitter 
Holding Register into the Transmitter Shift Register. 
LSR (5) is reset low by the loading of the Transmitter 
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Not Ready 
No Error 
No Error 
No Error 
No Break 
Not Empty 
Not Empty 


Holding Register by the CPU. LSR (5) is not reset by a 
CPU read of the LSR. 


When the THRE interrupt is enabled (IER (1) = 1). THRE 
causes a priority 3 interrupt in the IIR. If THRE is the 
interrupt source indicated т ИВ, INTRPT is cleared 
by a read of the IIR. 


LSR (6) Transmitter Empty (TEMT): TEMT is set high 
when the Transmitter Holding Register (THR) and the 
Transmitter Shift Register (TSR) are both empty. LSR 
(6) is reset low when a character is loaded into the THR 
and remains low until the character is transferred out 
of SOUT. ТЕМТ 15 not reset low by a CPU read of the 
LSR. 


LSR (7): This bit is always O. 


The Modem Control Register (МСН) controls the inter- 
face with the modem or data set as described in Table 
3. MCR can be written and read. The RTS and DTR 
outputs are directly controlled by their control bits in 
this register. A high input asserts a low (true) at the output 
pins. МСА Bits 0, 1, 3, and 4 are shown below: 


MCR (0); When MCR (0) is set high, the DTR output is 
forced low. When MCR (0) is reset low, the DTR output 
is forced high. The ОТА output of the serial channel 
may be input into an inverting line driver in order to 
obtain the proper polarity input at the modem or data 
set. 


MCR (1): When MCR (1) is set high, the RTS output 
is forced low. When MCR (1) is reset low, the RTS output 


“18 forced high. The RTS output of the serial channel may 


be input into an inverting line driver in order to obtain 
the proper polarity input at the modem or data set. 


MCR (3): When MCR (3) is set high, the INT output 
is enabled. 


MCR (4): МСН (4) provides a local loopback feature 
for diagnostic testing of the channel. When MCR (4) is 
set high, Serial Output (SOUT) is set to the marking (logic 
"1") state, and the receiver data input Serial Input (SIN) 
is disconnected. The output of the Transmitter Shift 
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Table 3. Modem Control Register Bits 


MCR (0) Data Terminal Ready (DTR) 
MCR (1) Request to Send (RTS) 
МСН (2) 0 

МСВ (3) Interrupt (INT) Enable 
MCR (4) Loop 

MCR (5) 

MCR (6) 

MCS (7) 


Register is looped back into the Receiver Shift Register 
input. The three modem control inputs (CTS, DSR, and 
RI) are disconnected. The modem control outputs (OTR 
and RTS) are internally connected to the four modem 
control inputs. The modem control output pins are forced 
to their inactive state (high). 


іп the diagnostic mode, data transmitted is immediately 
received. This allows the processor to verify the transmit 
and receive data paths of the selected seríal channel. Bits 
MCR (5)-МСН (7) are permanently set to logic О. 


Тһе MSR provides the CPU with status of the modem 
input lines from the modem or peripheral devices. The 
MSR allows the CPU to read the serial channel modem 
signal inputs by accessing the data bus interface of 
the UM82C451. |n addition to the current status in- 
formation, four bits of the MSR indicate whether the 
modem inputs have changed since the last reading of 
the MSR. The delta status bits are set high when a control 


Modem Control Register (MCR) 


MCRIEMCRIMCRIMCRIMCRIMCRIMCRIMCR 
7 6 5 4 3 2 1 0 
EENDUCENDAGI 





— 


TR Output High 


TS Output High 


DTR Output Low 
RTS Output Low 


INT Enabled 
Loop Enabled 


INT Disabled 
Loop Disabled 


input from the modem changes state, and reset low when 
the CPU reads the MSR. 


The modem input lines for each channel are CTS, DSR, 
Бі and RLSD, MSR (4) MSR (7) are status indications 
of these lines. The status indications follow the status 
of the input lines. М the modem status interrupt in the 
Interrupt Enable Register is enabled [IER (3)], a change 
of state in modem input signals will be reflected by 
the modem status bits in the IIR register, and an interrupt 
(INTRPT) is generated. The MSR is a priority 4 interrupt. 
The contents of the Modem Status Register are described 
in Table 4. Note that the states (high or low) of the status 
bits are inverted versions of the actual input pins. 











MSR (0) Delta Clear to Send (DCTS): DCTS indicates 
that the CTS input to the serial channel has changed 
state since the last time it was read by the CPU. 


MSR (1) Delta Data Set Ready (DDSR): DDSR indicates 
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—DTR Output High (Inactive) 
—DTR Output Low (Active) 


Data 0 
Terminal 1 
Ready 


—RTS Output High (Inactive) 


Request 0 
1 = —RTS Output Low (Active) 


To Send 


NC Not Connected 


INT Disabled 
INT Enabled 


INT 0 
1 


LOOP О = LOOP Disabled 
1 LOOP Enabled 


These Bits are Permanently Set to Logic 70” 





Figure 2. Modem Control Register 
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Table 4. Modem Status Register Bits 


Гмэн вн  мвөтөнс| Бенно _ 


Delta Data Set Ready 
Trailing Edge of Ring Indicato 
Delta Clear to Send 

Delta Data Carrier Detect 
Clear To Send 

Data Set Ready 

Ring Indicator 

Receiver Line Signal Detect 










that the DSR input to the serial channel has changed 
state since the last time it was read by the CPU. 


MSR (2) Trailing Edge of Ring Indicator (TERI): TERI 
‘indicates that the RT input to the serial channel has 
changed state from high to low since the last time it was 
read by the CPU. Low to high transitions on RIO do not 
activate TERI. 


MSR (3) Delta Data Carrier Detect (DRSLD): DRSLD 
indicates that the RSLD input to the serial channel has 
changed state since the last time it was read by the CPU. 





MSR (4) Clear to Send (CTS): Clear to Send (CTS) is 
the status of the CTS input from the modem indicating 
to the seria! channel that the modem is ready to receive 
data from the serial channel's transmitter, output (SOUT). 
if the serial channel is in loop mode [MSR (4) = 1]. MSR 
(4) is equivalent to RTS in the MCR. 


. MSR (5) Data Set Ready (DSR): Data Set Ready (DSR) 
is a status of the DSR input from the modem to the 
serial channel which indicates that the modem is ready to 
provide received data to the serial channel receiver cir- 
cuitry. If the channel is in the loop mode [MCR (4) = 1], 
MSR (5) is equivalent to DTR in the MCR. 


MSR (6) Ring Indicator: Indicates the status to the RI 
input (pin 39). If the channel is in the loop mode [MCR 
(4) = 11, MSR (6) is not connected in the MCR. 


MSR (7) Receive Line Signal Detect: Receive Line Signal 
Detect indicates the status of the Receive Line Signal 
Detect (RLSD) input. If the channel is in the loop mode 
[MCR (4) - 1], MSR (4) is equivalent to OUT2 of the 
MCR. 


The modem status inputs (RI, RLSD, DSR, and CTS) 
reflect the modem input lines with any change of status. 
Reading the MSR register will clear the delta modem 
status indications but has no effect on the status bits. 
The status bits reflect the state of the input pins regardless 
of the mask control signals. If a DCTS, DDSR, TERI, 
or DRLSD are true, and a state change occurs during 
a read operation (DISTR), the state change is not indicat- 
ed in the MSR. If DCTS, DDSR, TERI, or DRLSD are 


false, and a state change occurs during a read operation, the 
state change is indicated after the read operation. 


For LSR and МӘН, the setting of status bits is inhibited: 
during status register read DISTR operations. If a status 
condition is generated during a read DISTR operation, 
the status bit is not set until the trailing edge of the read 
DISTR. 





· Ма status bit is set during a read DISTR operation, and 


the same status condition occurs, that status bit will be 
cleared at the trailing edge of the read DISTR instead 
of being set again. 





The UM82C451 serial channel contains a programmable. 
Baud Rate Generator (BRG) that divides the clock (DC 
to 3.1 MHz) by any divisor from 1 to 219-1 (see also 
BRG description). The output frequency of the Baud 
Generator is 16X the data rate [divisor # = clock + (baud 
rate x 16)]. Two 8-bit divisor latch registers store the 
divisor in a 16-bit binary format. These Divisor Latch 
registers must be loaded during initialization. Upon load- 
ing either of the Divisor latches, a 16-bit baud counter 
is immediately loaded. This prevents long counts on initial 
load. 


The receiver circuitry іп each serial channel of the 
UM82C451 is programmable for 5, 6, 7, or 8 дата bits 
per character. For words of less than 8 bits, the data is 
right justified to the least significant bit LSB = Data Bit 
0 [RBR (0)]. Data Bit 0 of a data word [RBR (0)] is 
the first data bit received. The unused bits in a character 
less than 8 bits are output low to the parallel output by 
the serial channel. 


Received data at the SIN input pin is shifted into the 
Receiver Shift Register by the 16X clock provided at the 
RCLK input. This clock is synchronized to the incoming 
data based on the position of the start bit. When a complete 
character is shifted into the Receiver Shift Register, the 
assembled data bits are parallel loaded into the Receiver 
Buffer Register. The DR flag in the LSR register is set. 


Double buffering of the received data permits continuous 
reception of data without losing received data. While the 
Receiver Shift Register is shifting a new character into 
the serial channel, the Receiver Buffer Register is holding 
a previously received character for the CPU to read. Failure 
to read the data in the RBR before complete reception 
of the next character results in the loss of the data in the 
Receiver Register. The OE flag in the LSR register indicates 
the overrun condition. 


RBR Bits O thru 7: 


RBR (0) Data Bit O 
RBR (1) Data Bit 1 
RBR (2) Data Bit 2 
RBR (3) Data Bit 3 
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RBR (4) Data Bit 4 
RBR (5) Data Bit 5 
RBR (6) Data Bit 6 
RBR (7) Data Bit 7 


The Transmitter Holding Register (THR) holds parallel 
data from the data bus (DO-D7) until the Transmitter 
Shift Register is empty and ready to accept a new character 
for transmission. The transmitter and receiver word length 
and number of stop bits are the same. If the character 
is less than eight bits, unused bits at the microprocessor 
data bus are ignored by the transmitter. 


Data Bit О [THR (0)] is the first serial data bit transmitted. 
The THRE flag [LSR (5)] reflects the status of the THR. 
The TEMT Над [LSR (5)] indicates if both the THR 
and TSR are empty. 


THR Bits O thru 7 


THR (0) Data Bit О 
THR (1) Data Bit 1 
ТН 12) Data Bit 2 
THR (3) Data Bit 3 
THR (4) Data Bit 4 
THR (5) Data Bit 5 
THR (6) Data Bit 6 
THR (7) Data Bit 7 


The Scratchpad Register is an 8-bit Read/Write register that 
has no effect on either channel in the 0М82С451. It is 
intended to be used by the programmer to hold data 
temporarily. 


SCR Bits O thru 7 


SCR (0) Data Bit 0 
SCR (1) Data Bit 1 
SCR (2) Data Bit 2 
SCR (3) Data Bit 3 
SCR (4) Data Bit 4 
SCR (5) Data Bit 5 
SCR (6) Data Bit 6 
SCR (7) Data Bit 7 
Interrupts 


The Interrupt Identification Register (IIR) in the serial 
channel of the UM82C451 has interrupt capability for 
interfacing to current microprocessors. іп order to min- 
imize software overhead during data character transfers, 
the serial channel prioritizes interrupts into four levels. 
The four levels of interrupt conditions are as follows: 


1. Receiver Line Status (priority 1) 

2. Received Data Ready (priority 2) 

3. Transmitter Holding Register Empty (priority 3) 
4. Modem Status (priority 4) 


UM82C451 


information indicating that a prioritized interrupt is pend- 
ing and the type of interrupt is stored in the interrupt 
Identification Register (ИВ). When addressed during 
chip select time, the ИВ indicates the highest priority 
interrupt pending. No other interrupts are acknowledged 
until the interrupt is serviced by the CPU. The logic equiv- 
alent of the interrupt contro! circuit is shown in Figure 3. 
The contents of the НА are indicated in Table Б and 
are described below. 


НА (0): ИВ (0) can be used in either a hard-wired prioritiz- 
ed or polled environment to indicate whether an interrupt 
is pending. When НА (0) is low, an interrupt is pending, 
and IIR contents may be used as a pointer to the appro- 
priate interrupt service routine. When IIR (0) в high, 
no interrupt is pending. 


ИВ (1) and ИВ (2) are used to identify the highest priority 
interrupt pending as indicated in Table 5. 


ИВ (3)-HR (7): These five bits of the ИВ are logic О. 


The interrupt Enable Register (IER) is a Write register 
used to independently enable the four serial channel 
interupts which activate the interrupt (INTRPT) output. 
AM interrupts are disabled by resetting IER (0)-IER (3) 
of the interrupt Enable Register. Interrupts are enabled 
by setting the appropriate bits of the IER high. Disabling 
the interrupt system inhibits the Interrupt identification 
Register and the active (high) INTRPT output. All other 
system functions operate in their normal manner, including 
the setting of the Line Status and Modem Status Registers. 
The content of the Interrupt Enable Register 15 described 
in Table 6 and below. 


IER (0): When programmed high [IER (0) = Logic 1], 
IER (0) enables Received Data Available Interrupt. 


IER (1): When programmed high [IER (1) = Logic 11, 
IER (1) enables the Transmitter Holding Register Empty 
interrupt. 


IER (2): When programmed high [IER (2) = Logic 11, 
IER (2) enables the Receiver Line Status interrupt. 


IER (3): When programmed high (IER (3) = Logic 1], 
IER (3) enables the Modem Status Interrupt. 


IER (4)-IER (7): These four bits of the IER are logic 
0. | 


Transmitter 


The serial transmitter section consists of a Transmitter 
Holding Register (THR), Transmitter Shift Register (Т58), 
and associated control logic. The Transmitter Holding 
Register Empty (THRE) and Transmitter Shift Register 
Empty (TEMT) are two bits in the Line Status Register 
which indicate the status of THR and TSR. 
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Table 5. interrupt Identification Register 
Interrupt Identification Interrupt Set and Reset Functions 


Priority Interrupt Interrupt Interrupt 
Level Flag Source Reset Control 


None None 





| Receiver OE, PE 
First | LSR Read 
Line Status FE,or BI 


Received Data Received Data 
Second | RBR Read 
Available Available 


IIR Read if THRE is the 


THRE THRE Р 
Interrupt Source ог THR Write 


—CTS, —DSR 
Fourth Modem Status _RI, -RSLD MSR Read 





X 7 Not Defined. 


DR (LSR BIT O) 


ERBFI (IER BIT O) 


THRE (LSR BIT 5) 


ETBE! (IER BIT 1) 
) > INTERRUPT 
OUTPUT 
OE (LSR BIT 1) 


PE (LSR BIT 2) 


ЕЕ (1.58 BIT 3) 
BI (LSR BIT 4) 


ELSI (IER BIT 1) 


DOTS (MSR ВП 0) 
DDSR (MSR BIT 1) 


TERI (MSR BIT 2) 
DDCD (MSR BIT 3) 


EDSSI (IER BIT 3) 


INTERRUPT ENABLE (MCR BIT 3) 





Figure 3. Interrupt Control Logic 
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Table 6. Serial Channel Accessible Registers 


Register Bit Number 
| Ви? | вив | ви5 | виа | виз | виг | вит | Bro | 



















Register 
Mnemonic 





















RBR Data Data Data Data Data 
(Read Only) Bit 3 Bit 2 Bit 1 Bit 0 
(LSB)* 















THR 
(Write Only) 





Data 
Bit O 


Data 
Bit 1 


Data 
Bit 2 


Data 
Bit 3 





















DLL Bit 3 Bit 2 









Bit 1 Bit O 








DLM Bit 11 Bit 10 Bit 9 Bit 8 



























































IER (EDSSI) (ELSI) (ETBEI) (ERBFI) 
Enable Enable Enable Enable 
Modem Receiver | Transmitter | Received 
Status Line Holding Data 
Interrupt Status Register Available 
Interrupt Empty Interrupt 


Interrupt 



























ИВ Interrupt Interrupt "О" ТЕ 
(Read Only) ID ID Interrupt 
Bit (1) Bit (0) Pending 













































LCR (DLAB) Stick (EPS) (PEN) (STB) (WLSB1) (WLSBO) 
Divisor Parity Even Parity Number Word Word 
Latch Parity Enable of Stop Length Length 
Access Select Bits Select Select 
Bit Bit 1 Bit 0 




























0 Loop Out 1 (RTS) (DTR) 
Request Data 
Terminal 


Ready 
































(TEMT) (THRE) (BI) (FE) (DR) 
Transmitter | Transmitter Break Framing Overrun Data 
Empty Holding Interrupt Error Error Ready 
Register 


Empty 
























































(DCD) (RI) (DSR) (CTS) (DRSLD) (TERI) (0058) (DCTS) 
Data Ring Data Clear Delta Trailing Delta v Delta 
Carrier Indicator Ready to Receive Edge Data ` Clear 
Detect Set Send Line Signal Ring Set to 
Detect Indicator Ready Send 








Bit 5 Bit 4 Bit 3 





Bit 2 Bit 1 





Bit 0 


* LSB Data ВК О is the first bit transmitted or received. 
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To transmit a 5 to 8-bit word, the word is written through 
DO-D7 to the THR. The microprocessor should perform 
a write operation only if THRE is high. The THRE is 
set high when the word is automatically transferred from 
the THR to the TSR during the transmission of the start 
bit. 





When the transmitter is idle, THRE and TEMT are high. 
The last word written causes THRE to be reset to 0. 
After the transfer, THRE returns high. TEMT remains 
low for at least the duration of the transmission of the 
data word. № а second character is transmitted to the 
THR, the THRE isreset low. Since the data word cannot 
be transferred from the THR to the TSR until the TSR 
is empty, THRE remains low until the TSR has com- 
pleted sending the word. When the last word has been 
transmitted out of the TSR, ТЕМТ is set high. THRE 
is set high one THR to TSE transfer time later. 


Receiver 


Serial asynchronous data is input into the SIN pin. The 
idle state of the line providing the input into SIN is high. 
A start bit detect circuit continually searches for a high 
to low transition from the idle state. When the transition 
is detected, a counter is reset, and counts the 16X clock 
то 7%, which is the center of the start bit. The start 
bit is valid if the SIN is still low at the mid-bit sample of 
the start bit. Verifying the start bit prevents the receiver 
from assembling a false data character due to a low going 
noise spike on the SIN input. 


The Line Contro! Register determines the number of 
data bits in a character (LCR (0), LCR (1)), number of 
stop bits LCR (2), if parity is used LCR (3), and the 
polarity of parity LCR (4). If Status for the receiver is 
provided in the Line Status Register to the Receiver 
Buffer Register when the Data Received indication in LSR 
(0) is set high, the CPU reads the Receiver Buffer Re- 
gister through DO-D7. This read resets LSR (0). If DO- 
D7 are not read prior to a new character transfer from 
the RSR to the RBR, the overrun error status indica- 
tion is set in LSR (1). The parity check tests for even 
or odd parity on the parity bit, which precedes the first 
stop bit. If there is a parity error, the parity error is set 
in LSR (2). There is circuitry which tests whether the 
stop bit is high. If it is not, a framing error indication 
is generated in LSR (3). 


The center of the start bit is defined as clock count 7%. 
If the data into SIN is a symmetrical square wave, the 
center of the data cells will occur within +3.125% of 
the actual center, providing an error margin of 46.875%. 
The start bit can begin as much as one 16X clock cycle 
prior to being detected. 


Baud Rate Generator (BRG) 
The BRG generates the clocking for the UART function, 
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providing standard ANSI/CCITT bit rates. The oscillator 
driving the BRG is provided by an external clock into 
CLK. 


The data rate is determined by the Divisor Latch registers 
DLL and DLM and the external frequency. The bit rate 
is selected by programming the two divisor latches, Divisor 
Latch Most Significant: Byte and Divisor Latch Least 
Significant Byte. Setting DLL = 1 and DLM = 0 selects 
the divisor to divide by 1 (divide by 1 gives the maximum 
baud rate for a given input frequency at the CLK input). 


The BRG can use any of three different popular frequencies 
to provide standard baud rates. These frequencies are 
1.8432 MHz, 2.4576 MHz, and 3.072 MHz. With these 
frequencies, standard bit rates from 50 to 38.5 kbps are 
available. Tables 7, 8, and 9 illustrate the divisors needed to 
obtain standard rates using these three crystal frequencies. 


Reset 


After power up, the UM82C451 RESET input should 
be held low for 500 ns to reset the UM82C451 circuits 
to an idle mode until initialization. A low on RESET 
causes the following: 


1, Initializes the transmitter and receiver internal clock 
counters. 

2. Clears the Line Status Register (LSR), except for Trans- 
mitter Shift Register Empty (TEMT) and Transmit 
Holding Register Empty (THRE), which are set. The 
Modem Control Register (MCR) is also cleared. All 
of the discrete lines, memory elements and miscellane- 
ous logic associated with these register bits are also 
cleared or turned off. The Line Control Register (LCR), 
Divisor Latches, Receiver Buffer Register, Transmitter 
Buffer Register are not affected. 


Following removal of the reset condition (Reset high), 
the UM82C451 remains in the idle mode until programmed. 


A hardware reset of the UM82C451 sets the THRE and 
TEMT status bit in the LSR. When interrupts are sub- 
sequently enabled, an interrupt occurs due to THRE. 


A summary of the effect of a reset on the UM82C451 
is given in Table 10. 


Programming 


Each serial channel of the UM82C451 is programmed 
by the control registers LCR, IER, DLL and DLM, and 
МСН. These control words define the character length, 
number of stop bits, parity, baud rate, and modem in- 
terface. While the control register can be written in any 
order, the IER should be written to last because it controls 
the interrupt enables. Once a serial channel is programmed 
and operational, these registers can be updated any time 
the UM82C451 serial channel is not transmitting or re- 
ceiving data. 
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The control signals required to access each serial channel's Table 8. Baud Rates (2.4576 MHz Clock) 








internal registers are shown below. 


Desired Divisor Used Percent Error 
Software Reset | Baud Rate Difference Between 
Desired and Actual 


A software reset of the serial channel is a useful method 
for returning to a completely known state without a 
system reset. Such a reset consists of writing to the LCR, 
Divisor Latches, and MCR registers. The LSR and RBR 
registers should be read prior to enabling interrupts in 
order to clear out any residual data or status bits which 
may be invalid for subsequent operation. 


Clock Input Operation 


The maximum input frequency of the external clock 
of the UM82C451 is 3.1 MHz. 


Table 7. Baud Rates (1.8432 MHz Clock) 


Desired Divisor Used Percent Error 
Baud Rate Difference Between 
Desired and Actual 


Table 9. Baud Rates (3.072 MHz Clock) 







Percent Error 
Difference Between 
Desired and Actual 


Desired 
Baud Rate 


Divisor Used 
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Table 10. Reset Control of Register and Pinout Signals 
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Functional Description: 
Parallel Port Register 





The parallel port is completely compatible with the par- 


allel port implementation used in the ІВМ Serial/Parallel 
The UM82C451's parallel port interfaces the device to a Adaptor. 


Centronics-style printer. When Chip Select 2 (CS2) is low, 
(IOR) and write (IOW) pins are as shown. The Read Data 
Register allows the microprocessor to read the information 
on the parallel bus. The Read Status Register allows the 
microprocessor to read the status of the printer in the five 
most significant bits. The status bits are Printer Busy 
(BUSY), acknowledge (ACK), which is a handshake func- 
tion, Paper Empty (PE), Printer Selected (SLCT), and 
Error. (ERROR). The Read Control Register allows the 
state of the contro! lines to be read. The Write Control 
Register sets the state of the control lines. 


Table 12. Parallel Port Register Select 
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They аге Interrupt Enable | ВО ENB), Select In (SLIN), In- 
itialize the Printer (INIT), Autofeed the Paper (AUTOFD), 
and Strobe (STROBE), which informs the printer of 
the presence of a valid byte on the parallel bus. The Write 
Data Register allows the microprocessor to write a byte 
to the parallel bus. 





Table 11. Parailel Port Registers 
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Note 2 
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AC Characteristics (Continued) 


Symbol Parameter 
DISTR Delay from Chip Select 


| twa Address Hold Time from DOSTR 


Chip Select Hold Time from DOSTR 


МА 

AW DOSTR Delay from Address 
tcsw 

taw 
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XL 
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| во | External Clock 
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100 pF Load 
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cycles 
CLK 
DER _ 
Cycles 


200 100 pF Load 


5 
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250 100 pF Load 


1 CLK Note 3 
cycles 
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| Там _ | Reset Pulse Width 
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Delay from Initial Write to Interrupt 
Delay from Stop to Interrupt (THRE) 
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IR to Reset Interrupt (THRE) 
Modem Control 


Delay from DISTR 
(WR MCR) to Output 


Delay to Set Interrupt from MODEM Input 


t Delay to Reset Interrupt from 
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Receiver 


Delay from Stop to Set Interrupt 
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RINT (RD RBR/RDLSR) to Reset Interrupt 


Parallel Port 


ns 
ns 
ns 
ns 
ns 
из 
ns 
ns 
ns 


— 
N 
сл 





№ 
о 





BB 


Write Pulse Width 


Address to |OW Set-up Time 


Data to IOW Set-up Time 
Data Hold Time after IOW 


—— 


IOW = 1 to Data Latched 


i 200 
-up Ti 20 

2 
ip Ti 70 

10W 30 














сме 





0М82С451 








за юе= Wm Tu Г 

ШЕТЕН С јаје 

[he [ewe ЕЗИ | s 
ES 





Тан 
Тдв 
mwa 
| tre | Printer Bus Ной Тітеаће Н TI | ° | 
NUN 
MM 






[08 to 00 — 07 Output 
DO - D7 Released after IOR 


*Note: When the CPU reads the printer's status, output data may change if the printer signals are unstable. 








OTHERS 


Reset Pulse Width 
Tip 








Reset to Control Виз = 1 (STROB, AUTOFD, SLCT) Propagation Delay Le 
Reset to Control Bus INIT = 0 Propagation Delay Г - 
| Тр | АСК to ІНО Propagation Delay NINE 


Notes: 






All timing specifications apply to pins to both serial channels (e. д. Ri refers to both R10 and R11). 
The internal address strobe is always active. 
RCLK = 1хн and ty,. 


Charge and discharge time is determined by VOL, VOH, and the external loading. 
АЙ timings are referenced to valid O and valid 1 (see AC TEST POINTS). 
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Serial Port Timing: 
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Read Cycle Timing 
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Receiver Timing 
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Modem Timing 
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Parallel Port Timing: 
AC Testing Input Waveform 
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Interrupt Request Waveform 





ІНОЕМ (04) N / 





Read Cycle Waveform 


А0, A1 


DATA ON 

PRINTER DATA BUS 
OR CONTROL BUS 
OR STATUS BUS 


DO ~D7 


Reset Waveform 


RST 


AUTOFD 
SLCT 
STROB 





INIT 


TRR 
GN EN эээ 
Трн -— TRP 
(4210) 
TRDS Тар 
TRsw 
TRSCH 
TRSsIN1 


5--106 


UMS82C451 








ЕТЕЙ 
puy ОЛ 





$ 30 L 133HS 


918151 189 OWN 







228 
128 
»28 
828 


£18 


92v 
Lev 
827 


05% 
tev 


28 





түтү тутт] 
Г ur | іг | Otr | | NO 6f IF | r 
(4512805 таноо бо | 


ә] ¿tr | | | ENS) 
2212-2218 rr pu 
зи феи |e | 
| 1081| 508! | ОВ! |603! | — | 






UM82C451 


L 











c 





сі o 
то 
© © 








у 
ге 


O 
t- 
o 


| 


т 
= 
а 


су 
Sev 


Q с 
х t 
а о 


< 


927 
Lov 
azy 


Lspozswn 


1015 ОЛ 
en 


8871 p 


L 


ІН УІЗ 
009 visa 


н50 21а 


yla via 


S12 У!З 


їгси! 
ој 6) by 


гни 298117 Т 
х D 8022 
роли ozz #057172 2 


И | а ls 


Oxi vis n 
Oxy Vist Е (м eif 15047 
L 


D 
„| 


518 vis 


ахы vi3 





FH osa НА 


6 


Application C 





, 


5--107 





/М82С451 


(Доме 


Application Circuit 


$ 402 133HS 





919151 199 OWN 


$ JO L 1LH33HS OL 


€ JO L 1L33HS OL 


92151 


— c 
ezn ALY 


“ын 5 


Gp | 4000nv8 хлэн 


LX 
255 
169 
0S2 


81504 
81519 


sav 
ыша 
91508 
ТҚ” IE" EN 

C су 
OLY очу2е8ИП iv 
оа 
га 
да 
са 
ғА 
ға 
га 
га 
оа 


po 


Q 
Q 
> 


Q) 
m 


18- 
1929- 
1859- 
ініс- 
1512- 
1549- 

| NIS 
LLINOS 


| 


~ 
m 


e 
e 
е 


© 
с) 


= 
= 


ЭЭ, 






91 ХӘ 6301 133HS OL 
vl 152- 


218 
vig 
GE 13S3ti a 
LU NENNEN ||” 
Z e tM | 
== m (ЕУ 
87741 10160/ 
177 за | 
[9 __________ 08 | 
а 2 вав | 
р вая | 
[g тав | 
2 Lag 
1 008 


£ JO + 133HS OL 


5—108 








УП РЕТ БЕР 


рау Ол 





Е 30 Е 133HS 


918151 157 OWN 


ЕУ 
oey 
62У 
вгу 
у 
єв 
Lg 
712 T 
628 2 E19 2 
"га JOA 
85151 





0М82С451 








Есу 
сі-імӘЭ | 
8-1Мм2 2 
Р-1 мо vov 

Есу 

ссу 
81-1Мм2 
6-1 NO 
8-1мо са 
|-змо 

у!8 
Е-ІМӘ 
EL-LNO = 
p о. тг етен 3 = 
9-1мо От [б рысы] £i 6 ——— oJ” 

non UL = = = [М ea — y 
vxo вы TT Т 5 ; | юва || У 
УХ dlp ВІ о-во „9 РРС 9v 

2 57 € — ta! 
pl-LNO peperere das ved 
сч) [ES БЕЕН ыс сз == кр fer | A 
г-1м2 | IMMER л л a SS: 8 SS EXER И CE | fe 
1015 ОЛ 


DOMI 
EMI 
LOWE 
Hv 


Application Circuit 


5—109 





(Доме 


UMS2C451 





Absolute Maximum Ratings * 


Ambient Operating Temperature ...... —10?C to +70°С 
Storage Temperature ............. —65°C to +150°C 
Supply Voltage to Ground 

Potentials $5. co RAE SEES —0.5V to Усс + 0.3V 
Applied Output Voltage. ....... —0.5V to Vec + 0.3V 
Applied Input Voltage ............. -0.5М to + 7.0М 
Power Пізвбірайоп...................... 500 mW 


*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


DC Electrical Characteristics (Т, = 0 to 70°C, Voc = 5V + 5%) 






Output Low Voltage 


VoL 
Уон 
lec 
liL 
lcu 
loz 





Output High Voltage 






Power Supply Current 


Clock Leakage 


3-State Leakage 





Reset Schmitt Мүн 


Note 1. INIT, AFD, STB ‚апа SLIN are open collector output pins that each have an internal pull-up resistor (2.5 KQ 
3.5 КО) to Усс. This will generate a maximum of 2.0 mA of internal lo, In addition to this internal current, each pin 


Clock Input Low Voltage 


Clock Input High Voltage 


| 
"g | | 

| 
| ~ | ме | 


| мо | 
ШЕГЕН 


Ми (RES) Reset Schmitt Vj, AN 










« 


<| <| < 


loL = 4.0 mA on DB0-DB7, lg, = 
12 mA on PDO-PD7, lg, = 10 mA 
on — МТ, —AFD, —STB, and —SLIN 
(see Note 1), lg, = 2.0 mA on all 


other outputs 


он 20-04 mA on DBO-DB7, 
он = —20 mA on РОО-РО/7, 
он = —0.2 mA on -ІМІТ, —AFD, 
—STB, and —SLIN, юн = -0.2 
mA on all other outputs 












Vec = 5.25 V, No loads on SINO, 1; 
—DISTRO, 1; —RLSDO, 1; —CTSO, 
1; —-RIO, -КИ = 2.0V. Other 

= 0.8V, Baud rate generator = 
4 MHz. Baud rate - 56K 





Vcc = 5.25 V, GND = 0V 
АН other pins floating 


ма | Vin = 0 V, 5.25V 


Мес = 5.25V, GND = OV, 
VOUT = OV, 5.25% 

1) Chip deselected 

2) Chip and write mode selected 







НА 
НА 
НА 





will sink at least 10 mA, while maintaining the VoL specification of 0.4 V Max. 
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Features 


IBM PC/AT Compatible 

Centronics printer interface 

Dual channel version of 0М82С450 

Independent control of transmit, receive, line status 
and modem status interrupts on each channel 


в Individual modem control signals for each channel 
= Programmable serial interface characteristics for each 
Description 


The ()М82С452 is an enhanced dual channel version 
of the popular UM82C450 asynchronous communication 
element (ACE). The device services two serial input/ 
output interfaces simultaneously in microcomputer or 
microprocessor based systems. Each channel performs 
serial-to-parallel conversion on data characters received 
from peripheral devices or modems, and parallel-to-serial 
conversion on data characters transmitted by the CPU. 
The complete status of each channel of the dual ACE 
can be read at any time during functional operation by 
the CPU. The information obtained includes the type 
and condition of the transfer operations being performed, 
and error conditions. 


In addition to its dual communications interface capabil- 


Pin Configuration 


60 
59 
58. 
57 
56 
55 
54 
53 

0М82С452 52 


51 
50 
49 
48 





0М82С452 


Single Chip Multi-I/O 


channel: 
5-, 6-, 7- or 8-bit characters 
Even-, odd-or no-parity bit generation and detection 
1, 1 1/20r 2 stop bit generation 
B Threestate TTL drive capabilities for bidirectional 
data bus and control bus for each channel 


ities, the UM82C452 provides the user with a fully bid- 
irectional parallel data port that fully supports the parallel 
Centronics type printer. This port allows data transmitted 
by the CPU to be printed. The parallel port, together 
with the two serial ports, provide ІВМ PC/AT compatible 
computers with a single device to serve the three func- 
tions. 


A programmable baud rate generator is included that can 
divide the timing reference clock input by a divisor be- 


tween 1 and (215 —1). 


The UM82C452 is packaged in a 68-pin plastic leaded 
chip carrier. 
Block Diagram 
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С50 


080.087 














5-111 


о 
c 
« 
© 


Peripherals 











() ме ИМ82С452 


Pin Description 





Pin No. Symbol 1/0 Description 





Input/Output Read strobe: This is an active Low input signal used to 


cause the selected channel to output дата to data bus (DBO-DB7). 















Input/Output Write strobe: This is an active Low input signal 
used to cause data input from data bus (DBO-DB7) to the channel 
selected. 


Address lines A2-AO: The address lines are used to select the internal 
register in selected channels during the CPU cycle. 






Chip Selects: Each chip select input acts as an enable of each 
channel during read and write. CSO selects Serial Channel 0, С51 
selects Serial Channel 1 and CS2 selects Parallel Port. 






32, 3, 38 


Bus Buffer Output: This active high output is asserted when апу 
channel is selected. This output can be used to control the system 
bus driver device (7415245). 


14-21 DBO-DB7 


Data Bit DBO-DB7: The data bus provides eight three-state 1/О 
lines for the transfer of data, control and status information be- 
tween CPU and UM82C452. These lines are normally in a high- 
impedance state except during read operation. DO is the least signi- 
ficant bit (LSB) and is the first serial bit to be transmitted or re- 
ceived. 


Reset: When low, the reset input forces the UM82C452 into an idle 
state in which all serial data activities are suspended. The Registers 
and signals of the UM82C452 are all cleared to the state as indicated 
in Table 1. 





Serial Data Outputs: These lines are the serial data outputs of 
UARTs, used to transmit serial data to the communication link. 
Each SOUT is held in marking (logic 1) state when the transmitter is 
disabled,reset, the Transmitter Register is empty, or when in the loop 
mode. 


26, 10 SOUTO, 
500971 


SINO, SIN1 


Serial Data Inputs: These lines are used to receive serial data from 
the communication line or modem into the UARTs. Data on serial 
data inputs is disabled during loop mode. 





Request To Send Outputs: This signal is an active low output for 
each UART. When active, it informs the Modem or data set that the 
controller is ready to send data. This signal is set low by writing 
logic 1 to MCR (1) and reset to high by Reset. 






24,12 


Data Terminal Ready Lines: This signal is an active low output for 
each UART. When active, it informs the modem or data set that 
the controller is ready to communicate. This signal is set low by 
writing logic 1 to MCR (0) and reset to high by Reset. 
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Pin Description (Continued) 


Clear to send Inputs: This signal is an active low input for each UART. 
The logic state of this signal. is reflected іп MSR (4) and any change 
of state in either CTS pin will set DCTS bit MSR (0) of each Modem 
status Register. When active, it informs that the Modem or data set 
is ready to receive data. 


















Data Set Ready: This signal is an active low input for each UART. 
The logic state of this signal is reflected in MSR (5) and any change 
of state in either DSR pin will set DDSR bit MSR (1) of each Modem 
Status Register. When active, it informs that the Modem or data set is 
ready to establish communication. 














Receive Line Signal Detect: This is an active low input for each UART. 
The logic state of this signal is reflected in MSR (7) and any change 
of state in either RLSD pin will set DRLSD bit MSR (3) of each 
Modem Status Register. When active, it informs that the data carrier 
has been detected by Modem or data set. 






















29,8 RLSDO 
RLSD1 
30,6 RIO 
КИ 


СЕК ТЗ Clock Input: The external clock input from а crystal oscillator. 





Ring Indicator: This signal is an active low input for each UART. 
The logic state of this signal is reflected in MSR (6) and TERI bit 
MSR (2) will be set when the state of either RI pin is changed from 
Low to high. 










Line Printer Output Enable: This input signal enables the data outputs 
of the parallel line printer when it is low. When it is high, the data 
pins of the line printer are held in a high-impedance state. This pin 
may be tied to ground for normal line printer operation. 





Parallel Data Bus: This bus provides a byte-wide input or output port to 
the system. The eight lines are held in a high-impedance state when the 
port is not selected. 


Acknowledge: This signal goes low to indicate that the printer has 
already received a character and is ready to accept another, 


Paper Empty: This signal goes high when the line printer has run 
out of paper. 


Busy: This signa! goes high when the line printer has a local opera- 
tion in progress and cannot accept data. 





65 SECT | Selected: This signal goes high when the line printer has been selected. 
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Description 


Error: This signal goes low when the line printer has encountered 
an error condition. | 


Line Printer Initialize: When this signal goes low, it will allow the 
line printer initialization routine to be started. 


Line Printer Autofeed: When this signal goes low, it will cause the 
printer to line-feed after a line is printed. 


Line Printer Strobe: When this signal is low, it provides the line 
printer a signal to latch the data currently on the parallel port. 
This signal should keep low at least 0.5 us to ensure the comple- 
tion of data latch. 


Serial Channel Interrupts: Each Serial channel interrupt goes high 
when one of the following interrupts has an active condition and is 
enabled by the IER of its associated channel: Receiver Error Flag, 
Receiver Data Available, Transmitter Holding Register Empty, and 
Modem Status. The interrupt is reset to low upon appropriate 
service. This pin will be held in a high-impedance state if the MCR 
(3) of each associated channel is programmed low (logic O). 


Line Printer Interrupt: This interrupt goes low when АСК goes 
low. This signal is enabled by Bit 4 of the Printer Control Register 
and will be held in a high-impedance state if Bit 4 of the printer 
Control Register is programmed low. 


Power Supply: +5V 


2,7 9 22, 21, 


: OV 
42.43 5A 61 ВНЕ 





Functional Description: 


Serial Channel Registers: 


Three types of internal registers are used in each serial 
channel of the UM82C452. They are used in the opera- 
tion of the device, and are the control, status, and data 
registers. The control registers are the Baud Rate Select 
Register DLL (Омог Latch LSB) and DLM (Divisor 
Latch MSB), Line Control Register. Interrupt Enable 
Register, and the Modem Control register. Тһе status 
registers are the Line Status Registers and the Modem 
Status Register. The data registers are the Receiver Buffer 
Register and the Transmitter Holding Register. Address, 
Read, and Write inputs are used in conjunction with the 
Divisor Latch Access Bit (DLAB) in the Line Control 
Register LCR (7) to select the register to be written or 
read (see Table 1). Individual bits within these registers 
are referred to by the register mnemonic and the bit 
number in parenthesis. An example, LCR (7) refers to 
Line Control Register Bit 7. 


The Transmitter Buffer Register and Receiver Buffer 


Register are data registers holding from five to eight bits 
of data. !f less than eight data bits are transmitted, data 
is right justified to the LSB. Bit O of a data word is always 
the first serial data bit received and transmitted. The 
UM82C452 data registers are double-buffered so that 
read and write operations can be performed at the same 
time the UART is performing the parallel-to-serial and 
serial-to-parallel conversion. 


The format of the data character is controlled by the 
Line Control Register. The contents of the LCR may 
be read, eliminating the need for separate storage of the 
line characteristics іп system memory. The contents of 
the LCR are described below. 


LCR (0) Word Length Select Bit O (WLSO) 
LCR (1) Word Length Select Bit 1 (WLS1) 
LCR (2) Stop Bit Select (STB) 

LCR (3) Parity Enable (PEN) 
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Table 1. 





OQ Q — — — — 0000 0 
Q O >= = O O — — O O 0 
— OO — O — O — O — O O 


— — X X X X X X O O O 





X = "Don't Care 


0 = Logic Low 













Serial Channel Internal Registers 


[Gus [w | m [€ | Momo | — м _ 


Receiver Buffer Register (read only) 
Transmitter Holding Register (write only) 
Interrupt Enable Register 

Interrupt Identification Register (read only) 
Line Control Register 

Modem Control Register 

Line Status Register 

Modem Status Register 

Scratch Register 

Divisor Latch (LSB) 

Divisor Latch (MSB) 


1 = Logic High 


Note: Serial Channel 0 is accessed when CSO is low; Serial Channel 1 is accessed when С51 is low. Selecting both channels 


simultaneously is an invalid condition. 


LCR (4) Even Parity Select (EPS) 

LCR (5) Stick Parity 

LCR (6) Set Break 

LCR (7) Divisor Latch Access Bit (DLAB) 


LCR (0) and LCR (1) word length select bit 1: The number 
of bits in each serial character is programmed as shown 
in the following chart: 





LCR (1) LCR (0) Word Length 
0 
0 : 
1 0 
1 1 


LCR (2) Stop Ви Select: LCR (2) specifjes the number 
of stop bits in each transmitted character. № LCR (2) 
is a logic O, one stop bit is generated in the transmitted 
data. If LCR (2) is a logic 1 when а 5-bit word length 
is selected, 1.5 stop bits are generated. If LCR (2) is a 
logic 1 when either a 6; 7-, or 8-bit word length is selected, 
two stop bits are generated. The receiver checks for two 
stop bits if programmed. 


LCR (3) Parity Enable: When LCR (3) is high, a parity 
bit between the last data word bit and stop bit is generated 
and checked. 


LCR » Even Parity Select: When parity is enabled на 
(3) = 1). LCR (4)-0 selects odd parity, апа LCR (4) = 
42. even parity. 


LCR (5) Stick Parity: When parity is enabled (LCR (3) = 


1), LCR (5) = 1 causes the transmission and reception 
of a parity bit to be in the opposite state from that іп- 
dicated by LCR (4). This allows the user to force parity 
to a known state and for the receiver to check the parity 
bit in a known state. 


LCR (6) Break Control: When LCR (6) is set to a logic 
"1", the serial output (SOUT) is forced to the spacing 
(logic O) state. The break is disabled by setting LCR (6) 
to a logic “О”. The Break Control bit acts only on SOUT 
and has no effect on the transmitter logic. Break Control 
enables the CPU to alert a terminal in a computer com- 
munications system. If the following sequence is used, 
no erroneous or extraneous characters will be transmitted 
because of the break. 


1. Load an all ''O"'s pad character in response to THRE. 

2. Set break in response to the next THRE. 

3. Wait for the transmitter to be idle (TEMT ^ 1), 
and clear break when normal transmission has to 
be restored. 


LCR (7) Divisor Latch Access Bit (DLAB): LCR (7) must 
be set high (logic 71") to access the Divisor Latches DLL 
and DLM of the Baud Rate Generator during a read or 
write operation, LCR (7) must be input low to access 
the Receiver Buffer, the Transmitter Holding, or the 
Interrupt Enable Registers. 


The Line Status Register (LSR) is a single register that 
provides status indications. The LSR is usually the first 
register read by the CPU to determine the cause of an 
interrupt or to poll the status of each serial channel of 
те UM82C452. 


Three error flags OE, FE, and PE provide the status of 
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7 6 5 4 3 2 1 0 


Word 
Length 
Select 


Stop 
Bit Selected 


Parity 
Enable 


Even 


Parity 
Select 


Stick 
Parity 


Break 
Control 


Divisor 
Latch 
Access 
Bit 
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5 Data Bits 

6 Data Bits 

7 Data Bits 

8 Data Bits 

1 Stop Bit 

1.5 Stop Bits if 5 Data Виз. Selected 

2 Stop Bits if 6, 7, 8 Data Bits Selected 
Parity Disabled 

Parity Enabled 


Odd Parity 
Even Parity 


How H H 


Stick Parity Disabled 
Stick Parity Enabled 


Break Disabled 
Break Enabled 


Access Receiver Buffer 
Access Divisor Latches 





Figure 1. Line Control Register 


any error conditions detected in the receiver circuitry. 
During reception of the stop bits, the error flags are set 
high by an error condition. The error flags are not reset 
by the absence of an error condition in the next received 
character. The flags reflect the last character only if по 
overrun occurred. The Overrun Error (OE) indicates that 
a character in the Receiver Buffer Register has been over- 
written by a character from the Receiver Shift Register 
before being read by the CPU. The character is thereby 
lost. Framing Error (FE) indicates that the last character 
received contained incorrect (low) stop bits. This is caused 
by the absence of the required stop bit or by a stop bit 
too short to be detected. Parity Error (PE) indicates that 
the last character received had a parity error based on 
the programmed and calculated parity of the received 
character. 


The Break Interrupt (ВІ) status bit indicates that the 
last character received was a break character. A break 
character is an invalid data character. However, it is an 
entire сћагастег, including parity and stop bits. 


The Transmitter Holding Register Empty (THRE) bit 
indicates that the THR register is empty and may receive 
another character. The Transmission Shift Register Empty 
(TEMT) bit indicates that the Transmitter Shift Register 


is empty, and the serial channel has completed transmission 
of the last character to be sent. If the interrupt is enabled 
ПЕН (1)],an active THRE causes an interrupt (INTRPT). 


The Data Ready (DH) bit indicates that the RBR has 
been loaded with a received character (including Break) 
and that the CPU may access this data. 


Reading the LSR clears LSR (1)-LSR (4). (OE, PE, FE, 
and 81.) 


The contents of the Line Status Register shown in Table 
2 are described below: 


LSR (0) Data Ready (DR): Data Ready is set high when an 
incoming character has been received and trans- 
ferred into the Receiver Buffer Register. LSR (0) is reset 
low by a CPU read of the data in the Receiver Buffer 
Register. 


LSR (1) Overrun Error (OE): Overrun Error indicates 
that data in the Receiver Buffer Register was not read 
by the CPU before the next character was transferred into 
the Receiver Buffer Register, overwriting the previous 
character. Тһе OE indicator is reset whenever the CPU 
reads the contents of the Line Status Register. 
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Table 2. Line Status Register Bits 


LSR Bits 


Data Ready (DR) 
Overrun Error (ОЕ) 
Parity Error (PE) 
Framing Error (FE) 
Break Interrupt (ВІ) 


LSR (0) 
LSR (1) 
LSR (2) 


LSR (3) 
LSR (4) 
LSR (5) 
LSR (6) 
LSR (7) 


Transmitter Empty (TEMT) 
Not Used 


LSR (2) Parity Error (PE): Parity Error indicates that 
the received data character does not have the correct 
even or odd parity, as selected by the Even Parity Select 
bit [LCR (4)]. The PE bit is set high upon detection 
of a parity error, and is reset low when the CPU reads 
the contents of the LSR. 


LSR (3) Framing Error (FE): Framing Error indicates 
that the received character did not have a valid stop bit. 
LSR (3) is set high when the stop bit following the last 
data bit or parity bit is detected as a zero bit (spacing 
level). The FE indicator is reset low when the CPU reads 
the contents of the LSR. 


LSR (4) Break Interrupt (81): Break Interrupt is set high 
when the received data input is held in the spacing (logic 
0) state for longer than a full word transmission time 
(start bit + data bits + parity + stop bits). The BI indicator 
is reset when the CPU reads the contents of the Line 
Status Register. 


LSR (1) LSR (4) are the error conditions that produce 
a Receiver Line Status interrupt (priority 1 interrupt 
in the Interrupt Identification Register (11В)) when any 
of the conditions are detected. This interrupt is enabled 
by setting IER (2) = 1 in the Interrupt Enable Register. 


LSR (5) Transmitter Holding Register Empty (THRE): 
THRE indicates that the UM82C450 is ready to accept 
a new character for transmission. The THRE bit is set 
high when a character is transferred from the Transmitter 


Transmitter Holding Register Empty (THRE) 


Not Ready 
No Error 
No Error 
No Error 
No Break 
Not Empty 
Not Empty 





Holding Register into the Transmitter Shift Register. 
LSR (5) is reset low by the loading of the Transmitter 
Holding Register by the CPU. LSR (5) is not reset by a 
CPU read of the LSR. 


When the THRE interrupt is enabled (IER (1) = 1). THRE 
causes a priority 3 interrupt in the IIR. If THRE is the 
interrupt source indicated in IIR, INTRPT is cleared 
by a read of the ПВ. 


LSR (6) Transmitter Empty (TEMT): TEMT is set high 
when the Transmitter Holding Register (THR) and the 
Transmitter Shift Register (TSR) are both empty. LSR 
(6) is reset low when a character is loaded into the THR 
and remains low until the character is transferred out 
of SOUT. TEMT is not reset low by a CPU read of the 
LSR. 


LSR (7): This bit is always 0. 


The Modem Control Register (MCR) controls the inter- 
face with the modem or data set as described in Table 
3. The MCR can be written and read. The RTS and DTR 
outputs are directly controlled by their control bits in 





this register. A high input asserts a low (true) at the output 


pins. MCR Bits O, 1, 3, and 4 are shown below: 


MCR (0): When MCR (0) is set high, the DTR output is 
forced low. When MCR (0) is reset low, the ОТВ output 


is forced high. The DIR output of the serial channel 
may be input into an inverting line driver in order to 





Table 3. Modem Control Register Bits 





MCR (0) Data Terminal Ready (DTR) 








МСЕ (1) Request to Send (RTS) 
МСН (2) 0 

МСВ (3) Interrupt (INT) Enable 
MCR (4) Loop 

MCR (5) O 

MCR (6) O 

MCS (7) O 





eri — — 188 [шо 


DTR Output High 
RTS Output High 


DTR Output Low 


RTS Output Low 












INT Disabled 
Loop Disabled 


INT Enabled 
Loop Enabled 
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Modem Control Register (МСН) 


MCR | МСВ | МСВ | MCR] MCR] МСВ| МСН | МСВ 
7 6 5 4 3 2 1 0 
некен 


Оата 
Terminal 
Ready 


Request 
To Send 


NC 


INT 


LOOP 
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= —DTR Output High (Inactive) 
- —DTR Output Low (Active) 


—RTS Output High (Inactive) 


0 24 
1 = —RTS Output Low (Active) 


Not Connected 


О = INT Disabled 
1 INT Enabled 





О = LOOP Disabled 
1 LOOP Enabled 


These Bits are Permanently Set to Logic “0”, 


Figure 2. Modem Contro! Register 


obtain the proper polarity input at the modem or data 
set. 


MCR (1): When MCR (1) is set high, the RTS output 
is forced low. When MCR (1) is reset low, the RTS output 
is forced high. The RTS output of the serial channel may 
be input into an inverting line driver in order to obtain 
the proper polarity input at the modem or data set. 


MCR (3): When MCR (3) is set high, the INT output 
is enabled. 


MCR (4): MCR (4) provides a local loopback feature 
for diagnostic testing of the channel. When MCR (4) is 
set high, Serial Output (SOUT) is set to the marking (logic 
'"1") state, and the receiver data input Serial Input (SIN) 
is disconnected. The output of the Transmitter Shift 
Register is looped back into the Receiver Shift Register 
input. The three modem control inputs (CTS, DSR, and 
БІ) are disconnected. The modem control outputs (DTR 
and RTS) are internally connected to the four modem 
control inputs. The modem control output pins are forced 
to their inactive state (high). 


In the diagnostic mode, data transmitted is immediately 
received. This allows the processor to verify the transmit 
and receive data paths of the selected serial channel. Bits 
МСА (5) -MCR(7) are permanently set to logic О. 


The MSR provides the CPU with status of the modem 
input lines from the modem or peripheral devices. The 
MSR allows the CPU to read each of the several channel 
modem signal inputs by accessing the data bus interface 
of the UM82C452. In addition to the current status in- 
formation, four bits of the MSR indicate whether the 


modem inputs have changed since the last reading of 
the MSR. The delta status bits are set high when a control 
input from the modem changes state, and reset low when 
the CPU reads the MSR. 


The modem input lines for each channel are CTS, DSR, 
НІ and RLSD. MSR (4) MSR (7) are status indications 
of these lines. The status indications follow the status 
of the input lines. М the modem status interrupt in the 
Interrupt Enable Register is enabled [IER (3)], a change 
of state in modem input signals will be reflected by the 
modem status bits in the IIR register, and an interrupt 
(INTRPT) is generated. The MSR is a priority 4 interrupt. 
The contents of the Modem Status Register are described 
in Table 4. Note that the states (high or low) of the status 
bits are inverted versions of the actual input pins. 


MSR (0) Delta Clear to Send (DCTS): DCTS indicates 
that the CTS input to the serial channel has changed 
state since the last time it was read by the CPU. 


MSR (1) Delta Data Set Ready (DDSR): DDSR indicates 
that the DSR input to the serial channel has changed 
state since the last time it was read by the CPU. 


MSR (2) Trailing Edge of Ring Indicator (TERI): TERI 
indicates that the RI input to the serial channel has changed 
state from high to low since the last time it was read by 
the CPU. Low to high transitions on RI do not activate 
TERI. 


MSR (3) Delta Data Carrier Detect (DRSLD): DRSLD 
indicates that the RSLD input to the serial channel has 
changed state since the last time it was read by the CPU. 
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Table 4. Modem Status Register Bits 





MSR Bit 


Mnemonic 


Delta Data Set Ready 

Trailing Edge of Ring Indicato 
Delta Clear to Send 

Delta Data Carrier Detect 
Clear To Send 

Data Set Ready 

Ring Indicator 

Receiver Line Signal Detect 


MSR (4) Clear to Send (CTS): Clear to Send (CTS) is 
the status of the CTS input from the modem indicating 
to the serial channel that the modem is ready to receive 
data from the serial channel's transmitter output (SOUT). 
If the serial channel is in loop mode [MSR (4) = 11. MSR 
(4) is equivalent to RTS in the MCR. 


MSR (5) Data Set Ready (DSR): Data Set Ready (DSR) 
is a status of the DSR input from the modem to the serial 
channel! which indicates that the modem is ready to provide 
received data to the serial channel receiver circuitry. If 
the channel is in the loop mode [MCR (4) - 11, MSR (5) 
is equivalent to DTR in the MCR. 


MSR (6) Ring Indicator: Indicates the status to the RI 
input (pin 39). If the channel is in the loop mode [MCR 
(4) = 1] , MSR (6) is not connected in Ше MCR. 


MSR (7) Receive Line Signal Detect: Receive Line Signal 
Detect indicates the status of the Receive Line Signal 
Detect (RLSD) input. И the channel is in the loop mode 
[MCR (4) = 1], MSR (4) is equivalent to OUT2 of the 
MCR. 





The modem status inputs (Rl, RLSD, DSR, and CTS) 
reflect the modem input lines with any change of status. 
Reading the MSR register will clear the delta modem 
status indications but has no effect on the status bits. 
The status bits reflect the state of the input pins regardless 
of the mask contro! signals. № DCTS, DDSR, TERI, or 
DRLSD аге true, and а state change occurs during а 
read operation (DISTR), the state change is not indicat- 
ed in the MSR. If DCTS, DDSR, TERI, or DRLSD are false, 
and a state change occurs during a read operation, the 
state change is indicated after the read operation. 


For LSR and MSR, the setting of status bits is inhibited 
during status register read DISTR operations. ІҒ a status 
condition is generated during a read DISTR operation, 
the status bit is not set until the trailing edge of the read 
DISTR. 








If a status bit is set during a read DISTR operation, and 
the same status condition occurs, that status bit will be 
cleared at the trailing edge of the read DISTR instead 











UM82C452 


of being set again. 


Each UM82C452 serial channel contains a programmable 
Baud Rate Generator (ВВС) that divides the clock (DC 
to 3.1 MHz) by any divisor from 1 to 216—1 (see also 
BRG description). The output frequency of the Baud 
Generator is 16X the data rate [divisor # = clock + (baud 
rate x 16)]. Two 8-bit divisor latch registers store the 
divisor in a 16-bit binary format. These Divisor Latch 
registers must be loaded during initialization. Upon load- 
ing either of the Divisor latches, a 16-bit baud counter 
is immediately loaded. This prevents long counts on initial 
load. 


The receiver circuitry in each serial channel of the 
UM82C452 is programmable for 5, 6, 7, or 8 data bits 
per character. For words of less than 8 bits, the data is 
right justified to the least significant bit LSB - Data Bit 
0 [RBR (0)]. Data Bit O of a data word [RBR (0)] is 
the first data bit received. The unused bits in a character 
less than 8 bits are output low to the parallel output by 
the serial channel. 


Received data at the SIN input pin is shifted into the 
Receiver Shift Register by the 16X clock provided at the 


RCLK input. This clock is synchronized to the incoming . 


data based on the position of the start bit. When a complete 
character is shifted into the Receiver Shift Register, the 
assembled data bits are parallel! loaded into the Receiver 
Buffer Register. The DR flag in the LSR register is set. 


Double buffering of the received data permits continuous 
reception of data without losing received data. While the 
Receiver Shift Register is shifting a new character into 
the serial channel, the Receiver Buffer Register is holding 
a previously received character for the CPU to read. Failure 
to read the data in the RBR before complete reception 
of the next character result in the low of the data in the 
Receiver Register. The OE flag in the LSR register indicates 
the overrun condition. 


RBR Bits O thru 7: 


RBR (0) Data Bit O 
RBR (1) Data Bit 1 
RBR (2) Data Bit 2 
RBR (3) Data Bit 3 
RBR (4) Data Bit 4 
RBR (5) Data Bit 5 
RBR (6) Data Bit 6 
RBR (7) Data Bit 7 


The Transmitter Holding Register (THR) holds parallel 
data from the data bus (DO-D7) until the Transmitter 
Shift Register is empty and ready to accept a new character 
for transmission. The transmitter and receiver word length 
and number of stop bits are the same. If the character 
is less than eight bits, unused bits at the microprocessor 
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data bus are ignored by the transmitter. 


Data Bit O [THR (0)] is the first serial data bit transmitted. 
The THRE Над [LSR (5)] reflect the status of the THR. 
The TEMT Над [LSR (5)] indicates if both the THR 
and TSR are empty. 


ТНВ Bits О thru 7 


THR (0) Data Bit O 
THR (1) Data Bit 1 
THR (2) Data Bit 2 
THR (3) Data Bit 3 
THR (4) Data Bit 4 
THR (5) Data Bit 5 
THR (6) Data Bit 6 
THR (7) Data Bit 7 


The Scratchpad Register is an 8-bit Read/Write register that 
has no effect on either channel іп the UM82C452. It is 
intended to be used by the programmer to hold data 
temporarily. 


SCR Bits O thru 7 


SCR (0) Data Bit O 
SCR (1) Data Bit 1 
SCR (2) Data Bit 2 
SCR (3) Data Bit 3 
SCR (4) Data Bit 4 
SCR (5) Data Bit 5 
SCR (6) Data Bit 6 
SCR (7) Data Bit 7 
Interrupts 


The Interrupt Identification Register (IIR) of each serial 
channel of the UM82C452 has interrupt capability for 
interfacing to current microprocessors. In order to min- 
imize software overhead during data character transfers, 
the serial channel prioritizes interrupts into four levels. 
The four levels of interrupt conditions are as follows: 


1. Receiver Line Status (priority 1) 

2. Received Data Ready (priority 2) 

3. Transmitter Holding Register Empty (priority 3) 
4. Modem Status (priority 4) 


Information indicating that a prioritized interrupt is pend- 
ing and the type of interrupt is stored in the Interrupt 
Identification Register (IIR). When addressed during 
chip select time, the ИВ indicates the highest priority 
interrupt pending. No other interrupts are acknowledged 
until the interrupt is serviced by the CPU. The logic equiv- 
alent of the interrupt control circuit is shown in Figure 3. 
The contents of the НА are indicated in Table 5 and 
are described below. 


IIR (0): IIR (0) can be used in either a hard-wired prioritiz- 


ed or polled environment to indicate whether an interrupt 
is pending. When HR (0) is low, an interrupt is pending, 
and IIR contents may be used as a pointer to the appro- 
priate interrupt service routine, When ИВ(О) is high, no 
interrupt is pending. 


ИВ (1) and ИВ (2) are used to identify the highest priority 
interrupt pending as indicated in Table 5. 


ИВ (3)-11В (7): These five bits of the IIR are logic О. 


The Interrupt Enable Register (IER) is a Write register 
used to independently enable the four serial channel 
interrupts which activate the interrupt (INTRPT) output. 
All interrupts are disabled by resetting IER (ОЈ ЈЕР (3) 
of the interrupt Enable Register. Interrupts are enabled 
by setting the appropriate bits of the IER high. Disabling 
the interrupt system inhibits the Interrupt Identification 
Register and the active (high) INTRPT output. АП other 
system functions operate in their normal manner, including 
the setting of the Line Status and Modem Status Registers. 
The contents of the Interrupt Enable Register are indicated 
in Table 6 and are described below. 


IER (0): When programmed high [IER (0) - Logic 1], 
IER (0) enables Received Data Available interrupt. 


IER (1): When programmed high [IER (1) = Logic 1], 
IER (1) enables the Transmitter Holding Register Empty 
interrupt. 


IER (2): When programmed high [IER (2) = Logic 1], 
IER (2) enables the Receiver Line Status interrupt. 


ЈЕВ (3): When programmed high [IER (3) = Logic ds 
IER (3) enables the Modem Status Interrupt. 


IER (4)4ЕВ (7): These four bits of the IER are logic 
0. 


Transmitter 


The serial transmitter section consists of a Transmitter 
Holding Register (THR), Transmitter Shift Register (TSR), 
and associated control logic. The Transmitter Holding 
Register Empty (THRE) and Transmitter Shift Register 
Empty (TEMT) are two bits in the Line Status Register 
which indicate the status of THR and TSR. To transmit 
a 5- to 8-bit word, the word is written through DO-D7 
to the THR. The microprocessor should perform a write 
operation only if THRE is high. The THRE is set high 
when the word is automatically transferred from the 
THR to the TSR during the transmission of the start 
bit. 
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Table 5. Interrupt Identification Register 


Interrupt Identification | Interrupt Set and Reset Functions 


Priority Interrupt Interrupt Interrupt 
Level Flag Source Reset Control 


None None 


























Receiver 
Line Status 


OE, PE 
ЕЕ, ог В! 











LSR Read. 















eceived Data 
Available 


Received Data 
Available 











Second RBR Read 
















ИВ Read if THRE is the 
Interrupt Source or THR Write 








Third THRE THRE 











—CTS, -DSR 
—RI, -RSLD 








Fourth MSR Read 





Modem Status 






X = Not Defined. 


DR (LSR В!ТО) 


ERBFI (IER BIT 0) 


THRE (LSR BIT 5) 
ЕТВЕ! (IER BIT 1) 


INTERRUPT 
OUTPUT 
OE (LSR BIT 1) 


PE (LSR BIT 2) 


FE (LSR BIT 3) 
ВІ (LSR BIT 4) 


ELSI (IER BIT 1) 


DCTS (MSR BIT O) 
DDSR (MSR BIT 1) 


TERI (MSR BIT 2) 
DDCD (MSR BIT 3) 


EDSSI (IER BIT 3) 


Interrupt Enable (MCR BIT 3) 


Figure 3. Interrupt Control Logic 
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Register 
Mnemonic 


Table 6. Serial Channel Accessible Registers 


RBR 
‚ (Read Only) 


THR 
(Write Only) 


DLL 
DLM 


IER 


| ИВ 
(Read Only) 


LCR (DLAB) 
Divisor 
Latch 
Access 


Bit 


(TEMT) 
Transmitter 
Empty 


(DCD) 
Data 
Carrier 
Detect 


(RI) 
Ring 
Indicator 


Bit 7 


(THRE) 
Transmitter 
Holding 
Register 
Empty 


(DSR) 
Data 
Ready 
Set 


Bit5 ` 


“| SB Data Bit О is the first bit transmitted or received. 


Register Bit Number 


Data 
Bit 3 


Data 
Bit 3 


Bit 3 
Bit 11 


(EDSSI) 
Enable 
Modem 
Status 

Interrupt 


(81) 
Вгеак 
interrupt 


(FE) 
Framing 
Error 


(ORSLD) 
Delta 
Receive 
Line Signal 
Detect 


Bit 3 
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Оата 
Bit 2 


Data 
Bit 2 


Bit 2 


Bit 10 


(ELSI) 
Enable 
Receiver 
Line 
Status 
Interrupt 


Interrupt 
ID 
Bit (1) 


(STB) 
Number 
of Stop 

Bits 


Out 1 


(PE) 
Parity 
Error 


(TERI) 
Trailing 
Edge 
Ring 
Indicator 


Bit 2 
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. Data 
Bit 1 


Bit 1 
Bit 9 


(ETBEI) 
Enable 


Transmitter | 


Holding 
Register | 
Empty 


Interrupt . 


Interrupt 


(WLSB1) 
Word 
Length 
Select 
Bit 1 


(RTS) 
Request 
To 
Send 


(OE) 
Overrun 
Error 


(DDSR) 
Delta 
Data 

Set 
Ready 


Bit 1 








Cms | se | ws | m+ | ms [9] 9 | мо 


Data 
Bit O 
(LSB)* 


Data 
Bit O 


Bit O 
Bit 8 


(ЕВВЕ!) 
Enable 
Received 
Data 
Available 
Interrupt 


4 Q’ t 1 F 
Interrupt 
Pending 


(WLSBO) 
Word 
Length 
Select 
Bit 0 


(DTR) 
Data 
Terminal 
Ready 


(DR) 
Data 
Ready 


(DCTS) 
Delta 
Clear 

to 
Send 


Bit O 
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0. After completion of the transfer, THRE returns high. 
TEMT remains low for at least the duration of the trans- 
mission of the data word. ІҒ a second character is trans- 
mitted to the THR, the THRE is reset low. Since the 
data word cannot be transferred from the THR to the 
TSR until the TSR is empty. THRE remains low until 
the TSR has completed transmission of the word. When 
the last word has been transmitted out of the TSR, TEMT 
is set high. THRE is set high one THR to TSR transfer 
time later. | 


Receiver 


Serial asynchronous data is input'into the SIN pin. The 
idle state of the line providing the input into SIN is high. 
A start bit detect circuit continually searches for a high 
to low transition from the idle state. When the transition 
is detected, a counter is reset, and counts the 16X clock 
to 71/2, which is the center of the start bit. The start 
bit is valid if the SIN is still low at the midbit sample of 
the start bit, Verifying the start bit prevents the receiver 
from assembling an incorrect data character due to а 
low going noise spike on the SIN input. 


The Line Control Register determines the number of 
data bits in а character (LCR (0), LCR (1)), number of 
stop bits LCR (2), if parity is used LCR (3), and the 
polarity of parity LCR (4). If Status information for the 
receiver is provided. in the Line Status Register to the 
Receiver Buffer Register, the Data Received indication 
in LSR (0) is set high, the CPU reads the Receiver Buffer 
Register through DO-D7. This read resets LSR (0). If 
00-07 are not read prior to a new character transfer 
‘from the RSR to the RBR, the overrun error status in- 
dication is set in LSR (1). The parity check tests for even 
or odd parity on the parity bit, which precedes the first 
'stop bit. If there is a parity error, the parity error is set 
in LSR (2). There is circuitry which tests whether the 
Stop bit is high. If it is not, a framing error indication 
is generated in LSR (3). 


The center of the start bit is defined as clock count 7 
1/2. If the data into SIN is a symmetrical square wave, the 
center of the data cells will occur within %3.125% of 
the actual center, providing an error margin of 46.8756. 
Тһе start bit can begin as much as опе 16X clock cycle 
prior to being detected. | | 


Baud Rate Generator (BRG) 


The BRG generates the clocking for the UART function, 
providing standard ANSI/CCITT bit rates. The oscillator 
driving the BRG is provided by an external clock into 
CLK. | 


Тһе Би rate is selected by programming the two divisor 
latches, Divisor Latch Most Significant Byte and Divisor 
Latch Least Significant Byte. Setting DLL=1 and DLM=0 
selects the divisor to divide by 1 (divide by 1 gives 
maximum baud rate for a given input frequency at the 
CLK input). 

The BRG can use any of three different popular frequencies 
to provide standard baud rates. These frequencies are 
1.8432 MHz, 2.4576 МН?, and 3.072 MHz. With these 
frequencies, standard bit rates from 50 to 38.5 kbps are 
available. Tables 7, 8, and 9 illustrate the dívisors needed to 
obtain standard rates using these three crystal frequencies. 


Reset 





After power up, the UM82C452 RESET input (МН) 
should be held low for 500 ns to reset the UM82C452 
circuits to an idle mode until initialization. А low. on 
RESET causes the following: 





1. Initializes the transmitter and receiver internal clock 
counters. 

2. Clears the Line Status Register (LSR), except for Trans- 
mitter Shift Register Empty (TEMT) and Transmit 
Holding Register Empty (THRE), which are set. The 
Modem Control Register (MCR) is also cleared. АП 
of the discrete lines, memory elements and logic ass- 
ociated with these register bits are also cleared or turned 
off. The Line Control Register (LCR), Divisor Latches, 
Receiver Buffer Register, Transmitter Buffer Register 
are not affected. 


Following removal of the reset condition (Reset high), 


the UM82C452 remains in the idle mode until programmed. 


A hardware reset of the UM82C452 sets the THRE and 
TEMT status bit in the LSR. When interrupts are sub- 
sequently enabled, an interrupt occurs due to THRE. 


A summary of the effect of a reset оп the UM82C452 


“18 given in Table 10. 


Programming 


Each serial channel of the UM82C452 is programmed 


by the control registers LCR, IER, DLL and DLM, and 


МСА. These control words define the character length, 


number of stop bits, parity, baud rate, and modem in- 
terface. While the control register can be written in any 
order, the IER should be written to last because it controls 
the interrupt enables. Once a serial channel is programmed 


“апа operational, these registers can be updated any time 


the UM82C452 serial channel is not transmitting or ге- 
ceiving data. 
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The control signals required to access each serial channel's Table 8. Baud Rates (2.4576 MHz Clock) 
internal registers are shown below. 


Desired Divisor Used Percent Error 
Software Reset Baud Rate Difference Between 


Desired and Actual 


A software reset of the serial channel is a useful method 
for returning to a completely known state without a 
system reset. Such a reset consists of writing to the LCR, 
Divisor Latches, and MCR registers. The LSR and RBR 
registers should be read prior to enabling interrupts in 
order to clear out any residual data or status bits which 
may be invalid for subsequent operation. 


Clock Input Operation 


The maximum input frequency of the external clock 
of the UM82C452 is 3.1 MHz. 


Table 7. Baud Rates (1.8432 MHz Clock) 





Desired Divisor Used Percent Error 
Baud Rate Difference Between 
Desired and Actual 


Table 9. Baud Rates (3.072 MHz Clock) 


Desired Divisor Used Percent Error 
Baud Rate Difference Between 
Desired and Actual 
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Table 10. Reset Control of Register and Pinout Signals 


Reset $ 2 
Reset 
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Functional Description: 


Parallel Port Registers 


The UM82C452 parallel port interfaces the device to a 
Centronics-style printer. When Chip Select 2 (CS2) is low, 





Autofeed the Paper (AUTOFD), and Strobe (STROBE), 
which informs the printer of the presence of a valid byte on 
the parallel bus. The fifth register (WRITE PORT) allows 
the microprocessor to write a byte to the printer. 


The parallel port is completely compatible with the par- 


the parallel port is selected. Table 11 shows the registers 
associated with this parallel port. The read or write func- 
tion of the register is controlled by the states of the read 
(IOR) and write (IOW) pins as shown. The top four re- 
gisters are read-only registers, and the bottom four are 
write-only registers. 


allel port implementation used in the ІВМ Serial/Parallel 
Adaptor. | 


Table 12. Parallel Port Register Select 


Since the paralle! port is bidirectional, the first register 
(READ PORT) allows the microprocessor to read the 
information on the paralle! Бие, The second register (READ 
STATUS) allows the microprocessor to read the status 
of the printer in the five most significant bits. The status 
bits are Printer Busy (BUSY), Acknowledge (ACK), which 
is a handshake function, Paper Empty (PE), Printer Select- 
ed (SLCT), and Error (ERROR). The third register (READ 
CONTROL functions are duplicated in the sixth register 
(WRITE CONTROL). 


мю — 
Го [о [етш — 
o| r Reed Sts 
Сто [Res coner — 
ERA 
БИШЕ 
о | 


| 
| 
The control bits are found in the five least significant 


bits of these registers, They are Interrupt Enable (IRO Invalid 
ENB), Select іп (SLIN), Initialize the Printer (INIT), | 





Table 11. Parallel Port Registers 


Сека” зев [ee | нм нв | па L Er — 8 — 
(езен т xc [re | er || "| 3 | 3 — 
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AC Characteristics T, = 0°Сто +70°C, Усс = 5V + 5% (Notes 1, 5) 
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100 pF Load 





50 
0 
0 





DOSTR Delay from Select 


ЕСТЕН Reset Pulse Width 
ЕРТЕН Duration of Clock High Pulse 


ЭН Duration of Clock Low Pulse 


^ Transmitter 
t Delay from Rising Edge of DOSTR 
HR 1 (WR THR) To Reset Interrupt 
Delay from Initial INTR Reset to Transmit Start 


— 
n 
o 





A 
< < 
ог | s 
о eo 
> [77] 





2 


~~ 
з 
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Delay from DOSTR 
(WR MCR) to Output 200 
Delay to Set Interrupt from MODEM Input 
t Delay to Reset Interrupt from 
RIN DISTR (RS MSR) 


Receiver 


Delay from Stop to Set Interrupt 
t Delay from DISTR 
RINT (RD RBR/RDLSR) to Reset Interrupt 


Parallel Port 


100 pF Load 


100 pF Load 


100 pF Load 


Cycles 


Delay from Initial Write to Interrupt 3 CLK x ез | 
t Delay from Stop to Interrupt (THRE) CLK Note 3 
STI Cycles 
Delay from DISTR (ВО IIR) 
to Reset Interrupt (THRE) ШЕ 250 100 pF Load | 
Modem Control 


25 


o 
С 
« 
9 





М 
= © 





| 
= 
=| 
т 


б | Symbol | Parameter 
Write Pulse Width 200 
1OW = 1 to Data Latched | 


20 
20 
270 
30 
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READ 


| Tan | Address to IOR Set-up Time | 20 |- 












TRR 

TAR 

Tha 
. TR | 


TOR to DO - 07 Output 
DO — D7 Released after TOR 


*Note: When the CPU reads the printer's status, output data may change if the printer signals are unstable. 


Printer Bus Hold Time after IOR a 







OTHERS 





а н 
Reset Pulse Width | 


Reset to Control Виз = 1 (STROB, AUTOFD, SLCT) Propagation Delay 


Reset to Control Bus INIT 7 0 Propagation Delay ПЕН 
АСК to 1ВО Propagation Delay ШЕШ 


Notes: 







1. All timing specifications apply to pins to both serial channels (e. g. Ri refers to both R10 and R11). 
2. The internal address strobe is always active. 

3. RCLK = txH and txL: | 

4. Charge and discharge time is determined Бу VOL, МОН and the external loading. 

5. All timings are referenced to valid О and valid 1 (see AC TEST POINTS). 


WA . Serial Port Timing: 


| 24 Мене Cycle Timing 


А2 А1 А0 VALID | 





cs 
tDOW 
DOSTR Ч ACTIVE у АСТІУЕ 


он 


DISTR A ACTIVE 
je 05 он = 

DATA VALID DATA 

00-07 i 
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Read Cycle Timing 


А2 А1 AO VALID ` 


ВА 





CS | | . VALID 


«— tRCS 


NR tCSR 


tAR RC 
| р ТОМ 
DISTR АСТМЕ 





ACTIVE 





OR 


- | ! 
005 š ACTIVE 


tDDD лж 
рАТА iT VALIDN| 
00-07 ОАТА 


Receiver Timing 


SIN | | 
(RECEIVER 
INPUT START DATA BITS (5-8) 
DATA] 
SAMPLE 
CLK 


INTERRUPT 
(DATA READY 
OR RCVR 


ERR) = 
DISTR \ АСТІУЕ / 


Transmitter Timing 


SERIAL | шаар 
OUT (SOUT) DATA (5-8) STOP (1-2) 


INTERRUPT 
(ТНВЕ) 


DOSTR 
(WR THR) 






ПО Апа 


2 
fu 
Цэн 
4 
С 

Q 
= 
4) 

с. 








DISTR 
(RD НА) 
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Modem Timing 





DOSTR 
(WR MCR) 


CTS, DSA, RCSD 


INTERRUPT 


Ен tSIM tRIM 
DISTR 
(RD MSR) 





Parallel Port Timing: 
A.C. Testing Input Waveform 


2.4 





0.45 
OUTPUT LOAD: 50 pF 


Write Cycle Waveform 


ОМ ` 


А1 


DO ~07 
DATA BUS 


PRINTER 
DATA BUS 
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Interrupt Request Waveform 
IRQEN (04) | Ч ү 


АСК 





Тір Tip 


IRO 


Read Cycle Waveform 


IOR 


Foo} S 
А0, А1 


DATA ОМ 
ОВ CONTROL BUS 


OR STATUS BUS 


Tros TRD 
00--07 
Reset Waveform 
RST 
1 TRSW 

AUTOFD цаг 
SLCT 

STROB 4 

TRSIN1 
INIT E 
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Absolute Maximum Ratings * 


Ambient Operating Temperature .... . |, —10?C to +70°C 
Storage Тетрегатиге............. —65°С to +150°С 
Supply Voltage to Ground 

Роїепїїа!........ она ва —0.5V to Усс + 0ЗМ 


DC Electrical Characteristics 


*Comments 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


(TA = 0 to +70°C, Усс = 5V + 5%) 


Clock Input High Voltage 
Input Low Voltage 
Input High voltae 


Output Low Voltage 


Output High Voitage 


input Leakage 


Clock хасын 


3-State Leakage 


Reset Schmitt Ми. 
Reset Schmitt Мн 


Ісі = 4.0 тА оп 080-087, 12 тА оп 
PDO-PD7, 2 mA on all other outputs 


loH=—0.4 mA on DBO-DB7, —0.2 mA 


on PDO-PD7, —0.2 mA on all other 
Outputs 


Vcc = 5.25V, No loads on SINO, 


1;-DSRO, 1;- #1500, 1;-СТ50, 1. 
RIO, АМ = 0 2.0V. Other inputs = 
0.8У. Baud rate generator = 4 MHz, 
Baud rate - 56K 


Мсс = 5.25У, GND = OV. 
All other pins floating. 


Wes 5.25V, GND = OV. 


VOUT = 0V,5.25V 
1) Chip deselected 
2) Chip and write mode selected 
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0М82С550 


Аз ynchronous Communications 
Element with FIFOs 





Features: 


& Capable of running all existing UM82C450 software 

в Pin for pin compatible with the existing UM82C450 
except for CSOUT (24) and NC (29). The former 
CSOUT and NC pins will be TXRDY and RXRDY, 
respectively 

в After reset, all registers are identical to the UM82C450 
register set 

в |n the FIFO mode, transmitter and receiver are each 
buffered with 16 byte FIFO's to reduce the number 
of interrupts presented to the CPU. 

= Adds 
tion bits (start, stop, and parity) to or from the serial 
data 

в Full in the CHARACTER mode 
eliminates need for precise synchronization 

а Independently controlled transmit, receive, line status, 
and data set interrupts. 


or deletes standard asynchronous communica- 


double buffering 


Ш Programmable baud generator divides any input clock 
by 1 to (216 — 1) and generates the 16x clock 


General Description 

The UM82C550 is an improved version of the UM82C450 
(АСЕ). The 
improved specifications ensure compatibility with any 
of state-of-the-art CPUs. Functionally identical to the 
UM82C450 оп power up (CHARACTER mode) the 
UM82C550 сап be put into an alternate mode (FIFO 


Asynchronous Communications Element 


mode) to relieve the CPU of excessive overhead when 


the data rate is high. In this mode internal FIFOs are 
activated allowing 16 bytes (plus 3 bits per byte of error 
data in the RCVR FIFO) to be stored in both receive 
and transmit modes. All the logic is on chip to minimize 
system overhead and maximize system efficiency. Two 
pin functions have been added to allow signalling of DMA 
transfers. 


The ACE performs serial-to-parallel conversion on data 


characters received from a peripheral device or a MODEM, 
апа parailel-to-serial conversion on data characters re- 


в independent receiver clock input 

# MODEM control functions (CTS, RTS, DSR, ОТВ, 
RI, and DCD) 

= Fully progrmmable serial-interface characteristics: 

— Б-,6-, 7-, or 8-bit characters 

— Even, odd, or no-parity bit generation and detect- 
tion 

— 1-,1%, or 2-stop bit generation 

— Baud generation (DC to 256K baud) 

False start bit detection 

Complete status reporting capabilities 

TRI-STATE TTL drive for the data and control buses 

Line break generation and detection 

Internal diagnostic capabilities: 


— Loopback controls for communications link fault 
isolation 
— Break parity overrun framing error simulation 
m Fully prioritized interrupt system controls 


ceived from the CPU. The CPU can read the complete 
status of the ACE at any time during the functional opera- 
tion. Status information reported includes the type and 
condition of the transfer operations being performed 


by the ACE, as well as any error conditions (parity, over- 
run, framing, or break interrupt). 


Тһе ACE includes а programmable baud rate generator 


that is capable of dividing the timing reference clock ' 


input by divisors of 1 to (215 — 1), and producing a 16x 
clock for driving the internal transmitter logic. Provisions 
are also included to use this 16 x clock to drive the re- 
ceiver logic. The ACE has complete МООЕМ-соптго! 
capability, and a processor-interrupt system that may 
be software tailored to the user's requirements, minimiz- 
ing the computing required to handle the communica- 
tions link. 
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Block Diagram 
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Pin Description 


Symboi 1/0 Description 








Data Bus 1/0 
DO~ 07 


This bus comprises eight TRI-STATE input/output lines. Тһе bus provides 
bidirectional communications between the ACE and the CPU. Data control 
words, and status information are transferred via the DO ~ D7 Data Bus. 


RCLK EE This input is the 16X baud rate clock for the receiver section of the chip. 
SIN AR Serial data input forms the communications link (peripheral device, 


MODEM, or data set). 
B M 
12 ~ 14 CSO ~ С52 | 


Е | 












- 
© 






Composite serial data output to the communications link (perherial, 
MODEM or data set). The SOUT signal is set to the Marking (logic 1) 
state upon a Master Reset operation. 









When CSO and С51 are high and CS2 is low, the chip is selected. Chip 
selection is complete when the decoded chip select signal is latched with 
an active (low) Address Strobe (ADS) input. This enables communica- 
tion between the ACE and the CPU. 







— 
= t 
со 





16Х сіоск signal Тог the transmitter section of the ACE, The clock гаје 
is equal to the main reference oscillator frequency divided by the specified 
divisor in the Baud Generator Divisor Latches. The BAUDOUT may also 
be used for the receiver section by tying this output to the RCLK input 
of the chip. 








16 ~ 17 These two pins connect the main timing reference (crystal or signal clock) 


to the ACE. 


сл 
Хх 
> > 
ыт 












When DISTR is high or DISTR is low while the chip is selected, it allows 
the CPU to write data or control words into a selected register of the 
ACE. 

Note: Only an active DOSTR or DOSTR input is required to transfer 
data to the ACE during a write operation. Therefore tie either 
the DOSTR input permanently low or the DOSTR input per- 
manently high if not used. 
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Ground 








When DISTR 15 high or DISTR is low while the chip is selected, it allows 
the CPU to read status information or data from a selected register of 
the ACE. 

Note: Only an active DISTR or DISTR input is required to transfer data 
to the ACE during a read operation. Therefore tie either the DISTR 
input permanently low or the DOSTR input permanently high if 
not used. 











№ - co 
Og 
ОО 
N о 
= = 
D D 


Е 
O 


DDIS Goes low whenever the CPU is reading data from the ACE. A high-level 
DDIS output can be used to disable an external transceiver (if used be- 
tween the CPU and ACE on the D7 — D0 Data Bus at all times except 


when the CPU is reading data.) 


оч 
(2 CO 
4-4 
= 2 
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Pin Description (Continued) 


и aan 


TXRDY Transmitter DMA signalling is available through this pin. When operating 
in the FIFO mode, one of two types of DMA signalling per pin can be 
selected via FCR3 when operating as in the Character Mode only DMA 
mode 0 is allowed. Mode 0 supports interleaved DMA where a transfer 

| is made between CPU bus cycles. Mode 1 supports burst DMA where 
multiple transfers are made continuously until the XMIT FIFO has been 
filled. 
TXRDY Mode 0: In the Character Mode (FCRO = 0) or in the FIFO Mode 
(FCRO = 1, ЕСВЗ = 0) and there аге no characters in the XMIT ҒІҒО 
or XMIT holding register, the TXRDY pin (24) will be low active. Once 
It is activated the TXRDY pin will go inactive after the first character 
is loaded into the XMIT FIFO. = 
TXRDY Mode 1: In те FIFO Mode (FCRO = 1) when FCR3 = 1 and 
there is at least one unfilled position in the XMIT FIFO. It wil! go low 
active. This pin will become inactive when the XMIT FIFO is completely 
full. | 


25 ADS When low, provides latching for the Register Select (AO, АТ, А2) and 
Chip Select (CSO, CS1, CS2) signals. 
Note: An active ADS input is required when the Register Select (AO, 
A1, A2) signals are not stable for the duration of a read or write 
operation. If not required tie the ADS input permanently low. 


26 ~ 28 АО ~ A2 These three inputs are used during a read or write operation to select 
an ACE register to read from or write into as indicated in the table below. 
Note that the state of the Divisor Latch Access Bit (DLAB), which is 
the most significant bit of the Line Control Register, affects the selection 
of certain ACE registers. The DLAB must be set high by the system soft- 
ware to access the Baud Generator Divisor Latches. 
Register 
Receiver Buffer (read) 
Transmitter Holding 
Register (write) 
Interrupt Enable 
| Interrupt Identification (read) 
| FIFO Control (write) 
Line Control 
MODEM Control 
Line Status 
MODEM Status 
Scratch 
Divisor Latch 
(least significant byte) 
| Divisor Latch 
(most significant byte) 
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Pin Description (Continued) 


29 RXRDY Receiver DMA signalling is available through this pin. When operating 
in the FIFO mode, one of two types of DMA signalling can be selected 
via FCR3, When operating as in the Character Mode only DMA mode 
О is allowed. Mode О supports interleaved ОМА where a transfer is made 
between CPU bus cycles. Mode 1 supports burst DMA where multiple 
transfers are made continuously until the RCVR FIFO has been empti- 
ed. 

RXRDY Mode 0: When in the Character Mode (FCRO = 0) or in the FIFO 
Mode (FCRO = 1, FCR3 = 1) and there is at least 1 character in the RCVR 
| ҒІҒО or RCVR HOLD register, the RXRDY pin (29) will be low active. 
Once it is activated the RXRDY pin will go inactive when there are no 
more characters in the FIFO or HOLD register. 
RXRDY Mode 1: In the FIFO Mode (FCRO = 1) when the FCR3 = 1 
and the trigger level or the timeout has been reached, the RXRDY pin 
will go low active. Once it is activated it wil! go inactive when there are 
no more characters in the FIFO or hold register. 
30 


INTRPT Goes high whenever any one of the following interrupt types has an active 


high condition and is enabled via the IER: Receiver Error Flag; Received 
Data Available timeout (FIFO Mode only), Transmitter Holding Register 
В Ш 

32 ВТ5 When low, informs the MODEM ог data set that the ACE is ready to 
transmit data. The RTS output signal can be set to an active low by pro- 
gramming bit 1 (RTS) of the MODEM Control Register. The RTS signal 
is set high upon a Master Reset operation. 
The RTS signal is forced to its inactive state (high) during loop mode opera- 
tion. 





User-designated output that can be set to an active low by programming 
bit 3 (OUT 2) of the MODEM Control Register to high level. The OUT 2 
signal is set high upon a Master Reset Operation. The OUT 2 signal is 
forced to its inactive state (high) during loop mode operation. 
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Peripherals 





О 
-4 
= 


When low, informs the MODEM or data set that the ACE is ready to com- 
municate. Тһе ОТА output signal can be set to an active low by programm- 
ing bit O (DTR) of the MODEM Control Register to a high level. The DT R 
signal is set high upon a Master Reset operation. The DTR signal is forced 
to its inactive state (high) during loop mode operation. 


Empty and MODEM Status. The INTRPT signal is reset low upon the 
appropriate interrupt service or a master Reset operation. 





О 
С 
г 


User-designated output that сап be set to an active low Бу programming 
bit 2 (OUT 1) of the MODEM Controi Register to high level. The OUT 1 
signal is set high upon a Master Reset Operation. The OUT 1 signal is 
forced to its inactive state (high) during loop mode operation. 
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Pin Description (Continued) 


35 MR 






































This input is buffered with a TTL-compatible Schmitt Trigger with 0.5V 
typical hysteresis when high, it clears all the registers and FIFOs (except 
the Receiver Buffer, Transmitter Holding, Scratch Pad Register and Divisor 
Latches), and the control logic of the ACE. Also the state of various output 
signals (SOUT, INTRPT, OUT 1, OUT 2, RTS, DTR) are affected by 
an active MR input (Refer to Table 1) 





+ 
2: 


36 





The CTS signal is a MODEM control function input whose conditions 
can be tested by the CPU by reading bit 4 (CTS) of the MODEM Status 
Register. Bit O (DCTS) of the MODEM Status Register indicates whether 
the CTS input has changed state since the previous reading of the MODEM 
Status Register. CTS has no effect on the Transmitter. 
Note: Whenever the CTS bit of the MODEM Status Register changes 
state, an interrupt is generated if the MODEM Status interrupt 
is enabled. 





3 When low, this indicates that the MODEM or data set is ready to establish 
the communications link and transfer data with the ACE, the DSR signal 
is a MODEM-control function input whose condition can be tested by 
the CPU by reading bit 5 (DSR) of the MODEM Status Register. Bit 1 
(DDSR) of the MODEM Status Register indicates whether the DSR input 
has changed state since the previous reading of the MODEM Status Register. 
Note: Whenever the DSR bit of the MODEM Status Register changes 
state, an interrupt is generated if the MODEM Status interrupt is 
enabled. 


со ч 
8 2 
O c) 
а 2 





When low, indicates that the data carrier has been detected by the MODEM 
ог data set. The DCD signal is а MODEM-contro! function input whose 
condition can be tested by the CPU by reading bit 7 (DCD) of the MODEM 
Status Register. Bit 3 (DDCD) of the MODEM Status Register indicates 
whether the DCD input has changed state since the previous reading of 
the MODEM Status Register. DCD has no effect on the receiver. 

Note: Whenever the DCD bit of the MODEM Status Register changes 
state, an interrupt is generated if the Modem Status interrupt is 
enabled. 





When low, indicates that a telephone ringing signal has been received by 
the MODEM ог data set. The ВТ signal is a MODEM-control function 
input whose condition can be tested by the CPU by reading bit 6 (RI) 
of the MODEM Status Register. Bit 2 (TERI) of the MODEM Status Re- 
gister indicates whether the RI input has changed from a low to a high 
state since the previous reading of the MODEM Status Register. 
Note: Whenever the RI bit of the MODEM Status Register changes from 
a high to a low state, an interrupt is generated if the MODEM 
Status Register is enabled. 


+5V Power Supply. 
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Table |. ACE Reset Functions 


АП Bits Low 
i M 
Interrupt Enable Register aster Reset И 
"Se . Bit O is High, Bits 1—3, 7 forced low 
M 
Interrupt Identification Register aster Reset Риста ага агаар ти Low: 2 


All Bits Low 
i Reqi M R i 
Line Status Register | aster Reset Except Bits 5 & 6 are High 
Bits 0 — 3 Low 
D ( М 
MODEM Status Register aster Reset Bits 4-7 inpar signal 


Low 
сон 
Fig 


Register Descriptions Typical Oscillator Applications 


The system programmer may access or control any of the 
ACE registers summarized in Table || via the CPU. These 
registers are used to control ACE operations and to trans- EXTERNAL 
mit and receive data. У 
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ПО And 
Peripherals 


Programmable Baud Generator 
OPTIONAL 


The ACE contains a programmable Baud Generator that OPTIONAL ORINER 


is capable of taking any clock input (DC to 8.0 MHz) OUTPUT 
and dividing it by any divisor from 2 to 218 — 1). 4 MHz 
is the highest input clock frequency recommended when 
the divisor = 1. The output frequency of the Baud 
Generator is 16 x the Baud [divisor # = (frequency input) 
* (baud rate x 16)]. Two 8-bit latches store the divisor 
in a 16-digit binary format. These Divisor Latches must 
be loaded during initialization in order to ensure desired 
operation of the Baud Generator. Upon loading either 
of the Divisor Latches, а 16-bit Baud counter is im- 
mediately loaded. This prevents long counts on initial L 
load. | 





XTAL] 
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Typical Crystal Oscillator Network 
Tables 11, (У and V illustrate the divisors for use with 


crystal frequencies of 1.8432 MHz, 3072 MHz and 8 На) с | с, | 
МНг, с речи For baud rates of 38400 and below, 31 MHz 10-30 pF 40-60 pF . 
the error obtained is minimal. The accuracy of the desired 18MH 10-30pF | 40-60 pF 

8 MHz | | 4060pF | 


baud rate is dependent оп the crystal frequency chosen. 
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Summary of Registers 


Table il 
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Table ШІ. Baud Rates Using 1.8432 MHz Crystal .. Table V. Baud Rates Using 8 MHz Crystal 





Divisor Used Percent Error 
Desired to Generate Difference Between 
Baud Rate 16 x Clock Desired and Actual 


Divisor Used Percent Error 
Desired to Generate Difference Between 
Baud Rate 16 x Clock Desired and Actual 





Table IV. Baud Rates Using 3.072 MHz Crystal 


Divisor Used Percent Error Interrupt Enable Register 


Desired to Generate Difference Between This 8-bit register enables the four types of interrupts 

Baud Rate 16 x Clock Desired and Actual of the ACE to separately activate the chip interrupt 
(INTRPT) output signal. It is possible to totally disable 
the interrupt system by resetting bits O through 3 of 
the Interrupt Enable Register. Similarly, by setting the 
appropriate bits of this register to a logic 1, selected in- 
terrupts сап be enabled. Disabling the interrupt system 
inhibits the Interrupt Identification Register and the 
active (high) INTRPT output from the chip, АП other 
system functions operate in their normal manner, including 
the setting of the Line Status and MODEM Status Registers. 
The contents of the Interrupt Enable Register are in- 
dicated in Table 11 and are described below. 
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Peripherals 





Bit 0: This bit enables the Received Data Available In- 
terrupt (and timeout interrupts in the FIFO mode) when 
set to logic 1. 


Bit 1: This bit enables the Transmitter Holding Register 
Empty Interrupt when set to logic 1. 





Bit 2: This bit enables the Receiver Line Status Interrupt 
when set to logic 1. 
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Ви 3: This bit enables the MODEM Status Interrupt when 
set to logic 1. 





Bits 4 through 7: These four bits are always logic O. 


MODEM Control Register 


This 8-bit register controls the interface with the MODEM 
or data set (or a peripheral device emulating а MODEM). 
The contents of the MODEM Control Register are in- 
dicated in Table || and are described below. 


Bit 0: This bit controls the Data Terminal Ready (DTR) 
output. When bit O is set to a logic 1, the DTR output 
is forced to a logic O. When bit O is reset to a logic O, 
the DTR output is forced to a logic 1. 


Bit 1: This bit controls the Request to Send RTS output. 
Bit 1 affects the RTS output in a manner identical to 
that described above for bit O. 


Bit 2: This bit controls the Output 1 (OUT 1) signal, 
which is an auxiliary user-designated output. Bit 2 affects 
the OUT 1 output in a manner identical to that described 
above for bit O. 


Bit 3: This bit controls the Output 2 (OUT 2) signal, 
which is an auxiliary user-desigated output. Bit 3 affects 
the OUT 2 output in a manner identical to that described 
above for bit O. 


Bit 4: This bit provides a local loopback feature for 
diagnostic testing of the ACE. When bit 4 is set to logic 
1, the following occur: the transmitter Serial Output 
(SOUT) is set to the Marking (logic 1) state: the receiver 
Serial Input (SIN) is disconnected; the output of the 
- Transmitter Shift Register is ‘looped back" into the 
Receiver Shift Register input; the four MODEM Control 
inputs (CTS, DSR, DCD, and RÍ) are disconnected; and 
the four MODEM Control outputs (DTR, RTS, OUT 1, 
and OUT 2) are internally connected to the four MODEM 
Control inputs, and the MODEM Control output pins 
are forced to their inactive state (high). In the diagnostic 
mode, data that is transmitted is immediately received. 
This feature allows the processor to verify the transmit- 
and received «a paths of the АСЕ, 








In the diagnostic n.ode, the receiver and transmitter inter- 
rupts are fully operational. Their sources are external 
to the part. The MODEM Control Interrupts are also 
operational, but the interrupts' sources are now the lower 
four bits of the MODEM Control Register instead of 
the four MODEM Control inputs. The interrupts are still 
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controlled by the Interrupt Enable Register. 


Bit 5 through 7: These bits are permanently set to logic 
0. | 


Interrupt Identification Register 


The ACE has an оп-сһір interrupt capability that allows 
for flexibility іп interfacing popular microprocessors 
presently available. In order to provide minimum soft- 
ware overhead during data character transfers, the ACE 
prioritizes interrupts into four levels. The four levels of 
interrupt conditions are as follows: Receiver Line Status 
(priority 1); Received Data Ready (priority 2): Timeout 
(priority 2, FIFO Mode only); Transmitter Holding Re- 
gister Empty (priority 3); and MODEM Status (priority 
4). | 


Information indicating that a prioritized interrupt is pend- 
ing and the type of that interrupt is stored in the Interrupt 
Identification Register (IIR). When addressed during 
chip-select time the ИВ freezes the highest priority in- 
terrupt pending and no other interrupts change the IIR 
even though they are recorded, until that particular inter- 
rupt is serviced by the CPU. The contents of the IIR 
are indicated in Table ІІ and are described below. 


Bit 0: This bit can be used in either a prioritized interrupt 
or polled environment to indicate whether an interrupt 
is pending. When bit O is a logic O, an interrupt is pending 
and the НА contents may be used as a pointer to the 
appropriate interrupt service routine. When bit O is a 


logic 1, no interrupt is pending and polling (if used) con- 


tinues. 


Bits 1 and 2: These two bits of the IIR are used to identify 
the highest priority interrupt pending as indicated in Table 
M. 


Bit 3: In the Character mode this bit is 0. In the FIFO 
mode this bit is set along with bit 2 when a timeout in- 
terrupt is pending. 


Bits 4 through 6: These three bits of the IIR are always 
logic O. 


Bit 7: This bit is set when FCRO = 1. 
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Table VI. 













interrupt 
Identification 
Register 


Status 


Available 












Character 
Timeout 
Indication 


Transmitter 
Hoiding 
Register 
Empty 











Line Status Register 


This Вън register provides status information to the 
CPU concerning the data transfer. The contents of the 
Line Status Register are indicated in Table |! and аге 
described below. 


Bit 0: This bit is the receiver Data Ready (DR) indicator. 
Bit O is set to a logic 1 whenever a complete incoming 
character has been received and transferred into the Re- 
ceiver Buffer Register or the FIFO. Bit O is reset to a 
logic O by reading all of the data in the Receiver Buffer 
Register or the FIFO. 


Bit 1: This bit is the Overrun Error (ОЕ) indicator. Bit 
1 indicates that data in the Receiver Buffer Register was 
not read by the CPU before the next character was trans- 
ferred into the Receiver Buffer Register thereby destroy- 
ing the previous character. The OE indicator is reset when- 


Interrupt Set and Reset Functions 





Receiver Line 










Received Data 
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interrupt Control Functions 





Overrun Error or Parity 
Error or Framing Error 
or Break Interrupt 







Reading the Line Status 
Regist er 







Receiver Data Available 
or Trigger Level Reached 


Reading the Receiver Buffer 
Register or the FIFO Drops 
Below the Trigger Level 


No Characters Have Been 
Removed From or Input 
to the 

RCVR FIFO During the 

Last 4 Char. 

Times and There is at 

Least 1 Char. 

in it During This Time 






Reading the Receiver 
Buffer Register 





Reading the ИН Register 
(1f source of interrupt) ог 
Writing into the Transmitter 
Holding Register 







Transmitter Holding 
Register Empty 


Clear to Send or 
Data Set Ready or 
Ring Indicator or 
Data Carrier Detect 





Reading the MODEM 
Status Register 


ever the CPU reads the contents of the Line Status Re- 
gister. If the FIFO mode data continues to fill the FIFO 
beyond the trigger level an overrun error. will occur only 
after the FIFO is full and the next character has been 
completely received in the shift register. OE is indicated 
to the CPU as soon as it happens. The character in the 
shift register is overwritten, but it is not transferred to 
the FIFO. 


Bit 2: This bit is the Parity Error (РЕ) indicator. Bit 2 
indicates that the received data character does not have 
the correct even or odd parity, as selected by the even- 
parity-select bit. The PE bit is set to a logic 1 upon de- 
tection of a parity error and is reset to a logic O whenever 
the CPU reads the contents of the Line Status Register. 
In the FIFO mode this error is associated with the par- 
ticular character in the FIFO it applies to. This error is 
revealed to the CPU when its associated character is at 
the top of the FIFO. 
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Ви 3: This Би is the Framing Error (FE) indicator. Ви 
3 indicates that the received character did not have a 
valid Stop bit. Bit 3 is set to a logic 1 whenever the Stop 
bit following the last data bit or parity bit is detected as 
a zero bit (Spacing level). The FE indicator is reset when- 
ever the CPU reads the contents of the Line Status in- 
dicator. In the FIFO mode this error is associated with 
the particular character in the FIFO it applies to. This 
error is revealed to the CPU when its associated character 
is at thetop of the FIFO, 





Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 
4 is set to a logic 1 whenever the received data input 
is held in the Spacing (logic O) state for longer than a 
full word transmission time (that is, the total time of 
Start bit + data bits + Parity + Stop bits). The Bl indicator 
is reset whenever the CPU reads the contents of the Line 
Stati’. indicator. In the FIFO mode this error is associated 
with the particular character in the FIFO it applies to. 
This error is revealed to the CPU when its associated 
character is at the top of the FIFO. When break occurs 
only one zero character is loaded into the FIFO. The 
next character transfer is enabled after SIN goes to the 
marking state and receives the next valid start bit. 


Note: Bits 1 through 4 are the error conditions that pro- 
duce a Receiver Line Status interrupt whenever any of 
the corresponding conditions are detected. 


Bit 5: This bit is the Transmitter Holding Register Empty 
(THRE) indicator. Bit 5 indicates that the ACE is ready 
to accept a new character for transmission. In addition, 
this bit causes the ACE to issue an interrupt to the CPU 
when the Transmit Holding Register Empty interrupt 
enable is set high. The THRE bit is set to a logic 1 when 
a character is transferred from the Transmitter Holding 
Register into the Transmitter Shift Register. The bit is 
reset to logic O concurrently with the loading of the Trans- 
mitter Holding Register by the CPU. In the FIFO mode 
this bit is set when the XMIT FIFO is empty, it is cleared 
when at least 1 byte is written to the XMIT FIFO. 


Bit 6: This bit isthe Transmitter Empty (ТЕМТ) indicator. 
Bit 6 is set to a logic 1 whenever the Transmitter Holding 
Register (THR) and the Transmitter Shift Register (TSR) 
are both empty, it is reset to a logic O whenever either 
the THR or TSR contains a data character. In the FIFO 
mode this bit is set to one whenever the transmitter FIFO 
and shift register areboth empty. 


Bit 7: In the Character mode this is a O. In the FIFO 
mode LSR7 is set when there is at least one parity error 
framing error or break indication in the FIFO LSR7 is 
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cleared when the CPU reads the LSR, if there are по sub- 
sequent errors in the FIFO. 


FIFO Control Register 


This is a write only register at the same location as the 
ИВ the ИВ ва read only register. This register is used 
to enable the FIFOs, clear the FIFOs, set the RCVR FIFO 
trigger level, and select the type of DMA signalling. | 


Ви 0: Writing а 1 to FCRO enables both the XMIT and . 
RCVR FIFOs. Resetting FCRO wili clear all bytes in both . 
FIFOs. When changing from FIFO Mode to Character 
Mode and vice versa data is automatically cleared from 
the FIFOs. This bit must be a 1 when other FCR bits 
are written to or they will notbe programmed. 


Bit 1: Writing а 1 to FCR1 clears all bytes in the RC VR 
FIFO and resets its counter logic to O. The shift register 
is not cleared. The 1 that is written to this bit position ` 
is self-clearing. | 


Ви 2: Writing a 1 то FCR2 clears all bytes in the ХМ!Т 
FIFO and resets its counter logic to 0. The shift register > 
is not cleared. The 1 that is written to this bit position 
is self-clearing. 


Bit 3: Setting FCR3 to a 1 will cause the RXRDY and 
TXRDY pins to change from mode 0 to mode 1 if FCRO = 
1 (see description of RXRDY and TXRDY pins.) 


Bit 4,5: FCR4 to ҒСН5 are reserved for future use. 


Bit 6, 7: FCR6 and FCR7 are used to set the trigger level 
for the RCVR FIFO interrupt. 


RCVR FIFO 
Trigger Level (Bytes) | 


01 
_ 04 






Line Control Register 


The system programmer specifies the format of the asyn- 
chronous data communications exchange via the Line Con- 
trol Register. In addition to controlling the format, the 
programmer may retrieve the contents of the Line Control 
Register for inspection. This feature simplifies system 
programming and eliminates the need for separate storage 
in system memory of the line characteristics. The contents 
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of the Line Control Register are indicated іл Table И 
and are described below. 





Bits 0 and 1: These two bits specify the number of bits 
in each transmitted or received serial character. The en- 
coding of bits O and 1 is as follows: 


Word Length 





Bit 2: This bit specifies the number of Stop bits in each 
transmitted character. If bit 2 is a logic O, one Stop bit 
is generated in the transmitted data. № bit 2 is a logic 
1 when a 5-bit word length is selected via bits O and 1, 
one and a half stop bits are generated. If bit 2 is a logic 
1 when either a 6-, 7-, or 8-bit word length is selected, 
two Stop bits are generated. The Receiver checks the 
first Stop-bit only, regardless of the number of Stop bits 
selected. 


Bit 3: This bit is the Parity Enable bit. When bit 3 is a 
logic 1,a Parity bit is generated (transmit data) on checked 
(received data) between the last data word bit and Stop 
bit of the serial data (The Parity bit is used to produce 
an even or odd number of 1s when the data word bits 
and the Parity bit are summed.) 


Bit 4: This bit is the Even Parity Select bit. When bit 
3 is a logic 1 and bit 4 is a logic 0, an odd number of 
logic 1s is transmitted or checked in the data word bits 
and Parity bit. When bit 3 is a logic 1 and bit 4 is a logic 
1,an even number of logic 1s is transmitted or checked. 


Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and 
5 are logic 1 the Parity bit is transmitted and checked 
by the receiver as a logic 0. !f bits 3 and 5 are 1 and bit 
4 is a logic 0 then the Parity bit is transmitted and checked 
as a logic 1. 


Bit 6: This bit is the Break Contro! bit. When it is set 
to a logic 1, the serial output (SOUT) is forced to the 
Spacing (logic O) state. The break is disabled by setting 
bit 6 to a logic O. The Break Control bit acts only on 
SOUT and has no effect on thetransmitter logic. 


Note: This feature enables the CPU to alert a terminal 
in a computer communications system. ІҒ the following 
sequence is followed, no erroneous or extraneous char- 
acters will be transmitted because of the break. 


1. Load in all Os. a pad character in response to THRE. 
2. Set break after the next THRE. 
3. Wait for the transmitter to be idle. (ТЕМТ = 1), апа 
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clear break when normal transmission has to be res- 
tored. 


During the break the Transmitter can be used as a char- 
acter timer to accurately establish the break duration. 


Bit 7: This bit is the Divisor Latch Access Bit (DLAB). 
It must be set high (logic 1) to access the Divisor Latches 
of the Baud Generater during a Read or write operation. 
It must be set low (logic O) to access the Receiver Buffer, 
the Transmitter Holding Register, or the Interrupt Enable 
Register. 


Modem Status Register 


This 8-bit register provides the current state of the control 
lines from the MODEM (or peripheral device) to the CPU. 
In addition to this current-state information, four bits 
of the MODEM Status Register provide change informa- 
tion. These bits are set to a logic 1 whenever a control 
input from the MODEM changes state. They are reset 
to logic O whenever the CPU reads the MODEM Status 
Register. 


The contents of the MODEM Status Register are indicated 
in Table |! and described below. 


Bit 0: This bit is the Delta Clear to Send (DCTS) indicator. 
Bit 0 indicates that the CTS input to the chip has changed 
state since the last time it was read by the CPU, 


Bit 1: This bit is the Delta Data Set Ready (DDSR) 
indicator. Bit 1 indicates that the DSR input to the chip 
has changed state since the last time it was read by the 
CPU. 


Bit 2: This bit is the Trailing Edge of Ring Indicator (TERI) 
detector. Bit 2 indicates that the RI input to the chip 
has changed from a low to a high state. 


Ви 3: This bit is the Delta Data Carrier Detect (DDCD) 
indicator. Bit 3 indicates that the DCD input to the chip 
has changed state. 


Note: Whenever bit O, 1,2, ог 3 is set to logic 1,a MODEM 
Status Interrupt is generated. 


Bit 4: This bit is the complement of the Clear to Send 
(CTS) input. If bit 4 (loop) of the MCR is set to a 1, 
this bit is equivalent to RTS in the MCR. 


Ви 5: This bit is the complement of the Data Set Ready 
(DSR) input, !f bit 4 of the MCR is set to a 1, this bit 
is equivalent to DTR in the MCR. 


Bit 6: This bit is the complement of the Ring Indicator 
(RI) input. If bit 4 of the MCR is set to a'1, this bit is 
equivalent to OUT 1 in the MCR. 
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Bit 7: This bit is the complement of the Data Carrier 
Detect (DCD) input. № bit 4 of the MCR is set to a 1, 
this bit is equivalent to OUT 2 of the MCR. 


Scratchpad Register 


This 8-bit Read/Write Register does not control the ACE 
in any way. It is intended as a scratchpad register to be 
used by the programmer to hold data temporarily. 


FIFO Interrupt Mode Operation 


When the RCVR FIFO and receiver interrupts are en- 
abled (FCRO = 1, IERO = 1) RCVR interrupts will occur 
as follows: 


A. The receive data available interrupt will be issued 
to the CPU when the FIFO has reached its programm- 
ed trigger level; it will be cleared as soon as the FIFO 
drops below its programmed trigger level, 

B. The ІІН receive data available indication also occurs 
when the FIFO trigger level is reached, and like the 
interrupt it is cleared when the FIFO drops below 
the trigger level. 

C. The receiver line status interrupt (IIR = 06), as before, 
has higher priority. than the received data available 
(ПА = 04) interrupt. 

D. The data ready bit (LSRO) is set as soon as a character 
is transferred from the shift register to the RCVR 
FIFO, It is reset when the FIFO is empty. 


When the ХМІТ FIFO and transmitter interrupts are 
enabled (FCRO = 1, IER1 = 1). XMIT interrupts will 
occur as follows: 


A. The transmitter holding register interrupt (02) occurs 
when the XMIT FIFO is empty; it is cleared as soon 
as the transmitter holding register is written to (1 
to 16 characters may be written to the XMIT FIFO 
while servicing this interrupt) or the IIR is read. 

B. The transmitter FIFO empty indications will be 
delayed character time minus the last stop bit time 
whenever the following occurs. THRE - 1 and there 
have not been at least two bytes at the same time 
in the transmit FIFO since the last THRE = 1. The 
first transmitter interrupt after changing FCRO will 
be immediate, if it is enabled. 


When RCVR FIFO and receiver interrupts are enabled, 
RCVR FIFO timeout interrupts will occur as follows: 


A. A FIFO timeout interrupt will occur, if the following 
conditions exist 
- atleast one character is in the FIFO 
— the most recent character received was longer 
than 4 continuous character times ago (if 2 stop 
bits are programmed the second one is included 
in this time delay) 

— the most recent CPU read of the FIFO was longer 
than 4 continuous character times ago. 

This will cause a maximum character received to interrupt 

issued delay of 16 ms at 300 BAUD with a 12 bit char- 

acter. 

B. Character times are calculated by using the RCLK 
input for a clock signal (this makes the delay pro- 
portional to the baud rate). 

C. When a timeout interrupt has occurred it is cleared 
and the time reset when the CPU reads one character 
from the RCVR FIFO. 

D. When a timeout interrupt has not occurred the time- 
out timer is reset after a new character is received 
or after the CPU reads the RCVR FIFO. 


Character timeout and RCVR FIFO trigger level interrupts 
have the same priority as the current received data available 
interrupt; XMIT FIFO empty has the same priority as 
the current transmitter holding register empty interrupt. 


FIFO Polled Mode Operation 


With FCRO = 1 resetting IERO, |ЕВТ, IER2, |ЕКЗ or 
all to zero puts the ACE in the FIFO Polled Mode of 
operation. Since the RCVR and XMITTER are controlled 
separately either one or both can be in the polled mode 
of operation. 


In this mode the user's program will check RCVR and 
XMITTER status via the LSR as stated previously. 


LSRO will be set as long as there is one byte in the 
RCVR FIFO. 

LSR1 to LSR4 will specify which error(s) has occured. 
Character error status is handled the same way as when 
in the interrupt mode, the IIR is not affected since 
IER2 =O. 

LSR5 will indicate when the XMIT FIFO is empty. 
LSR6 will indicate that both the XMIT FIFO and shift 
register are empty. 

LSR7 will indicate whether there are any errors іп 
the RCVR FIFO. 


There is no trigger. level reached or timeout condition in- 
dicated in the FIFO Polled Mode, however, the RCVR and 
XMIT FIFOs аге still fully capable of holding characters. 
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Absolute Maximum Ratings * *Comments 

Temperature Under Bias ............. 0°C to +70 C Stresses above those listed under "Absolute Maximum 

Storage Temperature ............. -65°C to +150 C Ratings" may cause permanent damage to the device. 

All input or Output Voltages with Respect to Ves These are stress ratings only. Functional operation of 
TE 0.5V to 47.0М this device at these or any other conditions above those 

Power Dissipation ...................... 60 mW indicated in the operational sections of this specification 


is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


DC Electrical Characteristics (Т, = ОС to 470 C, Усс = 45V + 5%, Мед = OV, unless otherwise specified. | 


Уһ 


Ісс (АМ) Avg Power Supply Current (Мес! 
L 


|| 
Clock Leakage 
lo 


*Does not apply to XTAL 2 
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Vec = 525V, Ta = 25 C 
No Loads on output 
SIN, DSR, RLSD, 

CTS, В! = 2.0М 

All other inputs = 0.8 V 










АШ other pins floating. 
VIN =О\, 5.25\ 


о 
= 
> 








Vcc = 525V, Vss = 0V 
Vout = OV, 5.25V 


I) Chip deselected 
2) WRITE Mode, chip 
selected 
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TRI-STATE Leakage 
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Capacitance (Т, = 25°С, Vec = Ма = OV ) 


[ma | ИСИ ИИ 


Typ. 









lee 1 MHz 
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Unmeasured pins 
returned to Усс 
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AC Characteristics (T, =0°C to -70°С, Vee = +5V + 596) 


Parameter 
tan Address Hold Time ns 
tar DISTR/DISTR Delay from Address (Note 1) 0 5 
tas Address Setup Time 


Address Strobe Width 
CH Chip Select Hold Time 
Chip Select Setup Time 
DISTR/DISTR Delay from Chip Select (Note 1) 
DOSTR/DOSTR Delay from Select (Note 1) 
DISTR/DISTR to Driver Enable/Disable 6100 pF loading (Note 3) 
DOSTR/DOSTR Delay from Address 
Delay from DISTR/DISTR to Data | 
Data Hold Time 

DISTR/DISTR Strobe Width 


DOSTR/DOSTR Strobe Width 


2 
e 


5 


сл 
o 


tcsn 





сл 
o 
2 


tcsw 


ёс x 
= 


- 
О 
о 


— 





(Моте 1) 
(9100 pF loading 


3 


e 
2 
o 


ce Оо e © > e n [47] 


25 


л 


+ 
О 
о 
> 


їррр 


+ 

(9) 

X 
Сә 
© 
2 
е 


= 


tpiw 2 


e 
e 
2 


Том 


t Data Setup Time 


C2 


0 


О 
л 
2 
o 


tuz DISTR/DISTR to Floating Data Delay @100 pF loading (Note 3) 100 


Master Reset Pulse Width 


e 


_ Тмви 


ТВА Address Hold Time from DISTR/DISTR (Note 1) 


(Note 1) 
(Note 1) 
twe Write Cycle Delay 


Chip Select Hold Time from | 

DOSTR/DOSTR НА... 
External Clock 55 
(8.0 MHz Max.) 
External Clock 

_ (8.0 MHz Мах.) 


NO 
о 


tac Read Cycle Delay 
tres Chip Select Hold Time from DISTR/DISTR 
twa Address Hold Time from DOSTR/DOSTR 


e е o c 


— 
N 
сл 


2 





2 
[22] 


ect 
В 
О 
о 


“хн Duration of Clock High Pulse 


2 
өз 


ty Duration of Clock Low Pulse 


Н 
сл 
o о 


Read Cycle = tan T tow + вс 280 ns 


Baud Generator 


NO 
— 
о 

їл 


-— 
м 
сл 
2 
о 


Baud Divisor 


du 


Baud Output Positive Edge Delay 100 pF Load | 


tBHD 


Note 1: Applicable only when ADS is tied low. 




















смес 





UMS82C550 





AC Characteristics (Continued) 


Conditions 


Baud Output Negative Edge Delay 100 РЕ Load 
thw Baud Output Up Time f, = 8.OMHz + 2,100pF Load 
Ч уу Baud Output Down Time f, = 8.0MHz + 2,100pF Load 10 


Receiver 


Ұ 
z 
° 
ч 
> 
| 
8 
- 
JG 






- 

сл 
- 
сл 







ns 


В 


Delay from DISTR/DISTR 
ка (RD RBR/RDLSR) | 100 рЕ Load 
to Reset Interrupt 


tscp Delay from RCLK to Sample Time 


ÎSINT Delay from Stop to Set Interrupt (Note 2) 
Transmitter | 
Delay from DOSTR/DOSTR 
(WR THR) to Reset Interrupt no ри; 


100 pF Load 





В 
| 
e 


Delay from DISTR/DISTR 
(RD IIR) to Reset Interrupt (THRE) 


+ Delay from Initial INTR Reset 
IRS to Transmit Start 


tsi Delay from Initial Write to Interrupt (Note 4) 


НА 
UR 


о) 
о 
B 
e 


tot; Delay from Stop to Interrupt (THRE) (Note 4) 


texA Delay from Start to TXRDY active 100 pF Load 


— 
о 
Ё 
N 
Фа 
5 О 
ә Г. 
Ж 


tWXI Delay from Write to TXRDY inactive 100 pF Load 


— 
о 
сл 


Modem Control 
2. | Ша from | | 100 pF Load | 


Note 2: tn the FIFO mode (FCRO = 1) the trigger level and timeout interrupts, the receiver data available indication, the 
active RXRDY indication and the overrun error indication will be delayed 9 RCLKs. Status indicators (PE, FE, ВІ) will 
be delayed 9 RCLKs after the first byte has been received. For subsequently received bytes these indicators will be updated 
immediately after RORBR goes inactive. | ~ 3 

Notes 3: Charge and discharge time is determined by VoL: Мон and the external loading. 





N 
o 
о 
=> 
o 


Note 4: This delay will be lengthened by 1 character time, minus the last stop bit time if the transmitter interrupt delay 
circuit is active. (See ҒІҒО Interrupt Mode Operation). 
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Timing Waveforms 
EXTERNAL CLOCK INPUT (8.0 MHz MAX.) | АС TEST POINTS 
Ee 
20V 2.4V 2.0V 
ХТАГЛ 
0.8V 0.4У 0.8У 
“ВАОрООТ TIMING 
Е----м-----і 
ХТА 1 [LILELELELTLTLTLITTLTTT 1 
tBHD —* F— 
tBLD — þe — вм 
ВАЦО ОЧТ 
(+1) 
е BHD — чу 
+ |-— 1810 tHW 
BAUD ООТ 
(+ 2) 
tBLD [7 tew 
- je ен tHw = tLw — 
BAUD OUT 
(+3) 


t 
ша — +-вно |— tL Ww ИМ = (М-2) XTAL1 CYCLES 


BAUD OUT | | | | | 





= м, м 3) 
tLw = 2 XTAL1 CYCLES 
WRITE CYCLE 
I taw — 
ADS \ / \ / 
| tas» АН : 
A>, Ay, А VALID 
2. A1, Ao x 
| аса | ‘сн |+ уд“ 
= =: — 
CS3, С51, CS а a 
22 XO то —— 
| |}~——+| twcs* 


Барқы tcSw* 
ТОПА“ 
= omm EA 


DISTR/DISTR C АСТМЕ ) АСТМЕ 


ОВ 


222233 END CY 
DOSTR/DOSTR ° | ACTIVE 


tps == (он 
ОАТА 
00-07 VALID DATA 


* Applicable Only When ADS is Tied Low. 
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Timing Waveforms (Continued) 


[+— taw — 
i — N даа 
Fe 145 =} TAH 
| HS. | tcH | TRA 





READ CYCLE 





ср све | === 
ис 
| 2 В--- все“ 
иш 
pu 
ом аны малын Ww ш 


DISTR/DISTR у X ACTIVE 
| | OR 
. t 
DOSTR/DOSTR | | АСТІМЕ 
| top P toD 
DDIS \ / 
'DDD 4 L—tuz 
DATA VALID 
00:05 РАТА 


* Applicable Only When ADS is Tied Low. 








‘RECEIVER TIMING 





м 

от 

ЕСІК со 

< = 

Q. 

О ујака 

——— | PPS Цан = о 

. с. 
SAMPLE CLK 

SIN 
(RECEIVER START DATA BITS (5.8) STOP 
INPUT 
DATA) Е 


ЗАМРЕЕ 
CLK юэ 
— pm 'SINT 
INTERRUPT 
(DATA READY OR 
RCVR ERR) 
tRINT 
DISTR/DISTR (2) 
(READ REC 
DATA BUFFER Х active X 

ов RDLSR) 
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Timing Waveforms (Continued) 
TRANSMITTER TIMING 


SUE BUD TART DATA (58) (дату) STOP (1.2) ЦБТАНТ 


-- ын «—- STI | 
INTERRUPT 
(THRE) 
“ня | —- | 
= tsi 
DOSTR/DOSTR (4) | | 
(WR THR) | | 


27 р- 
DISTR/DISTR (2) 
(RD ИВ) 


MODEM CONTROL TIMING | 


` DOSTR/DOSTR (1) | j 
(WR MCR) | 








«МОО «МОО 


DisTR/DISTR © 
(ВО MSR) 
Ri \ / 


RCVR ҒІҒО First Byte (This Sets ВОВ) 


SIN 
DATA (5—8) 


22 
TRIGGER LEVEL | ) ? 
INTERRUPT 


(FCR67 = 0,0) 
| | *RINT 


(FIFO AT OR 

ABOVE TRIGGER LEVEL) 
(FIFO BELOW 

TRIGGER LEVEL) 






LSI INTERRUPT 


DISTR/DISTR 
(RDLSR) 


DISTR/DISTR 
(RD RBR) 
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Timing Waveforms (Continued) 
RCVR FIFO Bytes Other Than The First Byte (RDR is Already Set) 





SIN X y \ / 
ОТОР 


TIMEOUT OR 
TRIGGER LEVEL 










TOP BYTE OF FIFO 


LSI INTERRUPT | -------- - 


DISTR/DISTR 
(RDLSR) 


DISTR/DISTR 
(RORBR) active XX active 
1 


PREVIOUS BYTE 
READ FROM FIFO 


Receiver Ready (Pin 29) FCRO = 0 or FCRO = 1 and FCR3 = 0 (Mode 0) 


тежа | 
(RDRBR) ACTIVE 


Ü 
NOTE 1 < 
О 


Peripherals 


SIN 
(FIRST BY TE) В um \ 


АС Ж: ÍSINT — 'RINT 
NOTE 2 





Note 1: This is the reading of the last byte in the FIFO. 
Note 2: If FCRO = 1, ts мт = 8 RCLKs 
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Timing Waveforms (Continued) 





Receiver Ready (Pin 29) FCRO = 1 апа FCR3 = 1 (Mode 1) 


DISTR/DIST R —— 
(RORBR) ACTIVE 
 ——— 
NOTE 1 
SIN 


(FIRST BYTE THAT У N 
REACHES THE STOP 


TRIGGER LEVEL) 


SAMPLE CLK КЕРЕК ЛЕШЕ NS 


RXRDY 


ts INT 'RINT 


NOTE2 


Note 1: This is the reading of the last byte in the FIFO. 
Note 2: If FCRO = 1, < кт 29 RCLKS 


Transmitter Ready (Pin 24) FCRO = 0 or FCRO = 1 and FCR3 = 0 (Mode 0) 


DOST R/DOSTR 
(WRTHR) BYTE 


SO UT | 
DATA | PARITY STOP START 


| 
_ 


















зав ХА 





TXRDY | 
-— МХ: 


Transmitter Ready (Pin 24) FCRO = 1 and FCR3 = 1 (Mode 1) 


i 


DOSTR/DOSTR 
(WRTHR) I BYTE #16 








STOP | 5ТАНТ 





SOUT DATA IX PARITY 
| FIFO FULL 
— twXI » ХА 
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Application Circuit 


SYSTEM BUS 


LATCH 2-0 
ADDRESS 
DECODER 






ІН 


UR 


EIA RS.232 


BUFFER 
DRIVERS К, > INTERFACE 








Ч 


Ordering Information 










UM82C550 40L DIP 
UM82C550L 441 PLCC 
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Real-Time Clock(RTC) 





Features 


Microprocessor compatible (8-bit data bus) 

Milliseconds through month counters 

56 bits of RAM with comparator to compare the real 
time counter to the RAM data 

2 INTERRUPT OUTPUTS with 8 possible interrupt 
signals 

Single + 5V power supply 


General Description 
The UM82C8167 is a Si-gate CMOS LSI used as a real 


time clock in microprocessor systems. This product in- 
cludes an addressable real time counter, 56 bits of static 
ВАМ and two interrupt outputs. User can disable the 


Pin Configuration Block Diagram 


STATUS 
вт 


cs Г f) 24 | jvpp 
АО | 12 | | POWER DOWN 
wR | 13 224 107 
RDY | Ја 21 106 
АО | [5 с 20  о5 
A1 [16 5 19 По 2 
А2 | [7 8 18 | ] 03 
АЗ | 18 8 171. 102 (5-- 
А4 Цо 16 |] 21 22 






О5С1 1 00 wR 
4 a 2 CTAKISRYINTEBBIIDT POWER DOWN 
OSC2 11 STANDBY INTERRUPT 
- 14 | J output ра 1/0 BUFFERS 
D: AND 
Vss L$ 12 13 Í| ] INTERRUPT OUTPUT 


LOGIC 







POWER DOWN input that disables all inputs and out- 
puts except for one of the interrupts 

Status bit to indicate rollover during a read 

32,768 Hz crystal oscillator 

Four-year calendar (no leap year) 

24-hour clock | 

24 pin dual-in-line package 


chip from the rest of the system for standby low power 
operation by use of a POWER DOWN input. With an 
on chip oscillator circuit, it can generate the 32,768 Hz 
time base. 





! ADDRESS 
| ОЕСООЕВ 














— 5 ES 
| | LOGIC INTERRUPT 
| | OUTPUT 
|| INT CONTROL 

b І 


| STANDBY 
INTERRUPT 
ADDRESS pic EA 
INPUT LOGIC STANDBY 




















INTERRUPT | 
OUTPUT 
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Absolute Maximum Ratings* 
Voltage at All inputs and Outputs 
Gate ee SSO AE BOS Te de We es Sa Th Be С VDD +0.3 to Усе -0.3 


Operating Temperature............. —25°C to +85°C 
Storage Temperature............. —65°C to +150°C 
Vop — Мед o3 9 $3 9$ а 4% ово ооо * 9» .. » à 9 3 9 s 6V 


DC Electrical Characteristics 
(TA = —25°С to +85°C, Vss = OV) 


Supply Voltage 
Vop Outputs Enabled 
Vpp (Note 1) Power Down Mode 


Supply Current 
lop. Static 
lop, Dynamic 

Б.БУ 


*Comments 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation. of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


Outputs TRI-STATE, fin = DC, Vpp = 5.5V 
Outputs TRI-STATE, fin = 32 KHz, Мор = 


Мн = Мор —0.3V, Ми &Vss + 0.3V 


Ipp, Dynamic 


Outputs TRI-STATE, fiN - 32 KHz 


Урр = 55V, Мн = 2.0У, Vip = 0.8М 


Input Voltage 
ViL Logical Low 
Мн Logical High 


| input Leakage Current 


Output Voltage 
Vo, Logical Low 
Мон Logical High 
® lOH = —10 мА 
Моот = OV, 
Vour * Мрр 


TRI-STATE 





Output Impedance 
Logical Low, Sink 


Logical High, Leakage Vout &Vpp 


(Ready and Standby Interrupt Output) 
Vpp = 4.75V, lo, = 1.6mA 


Vss < Му &Vpp 


(МО and Interrupt Output) 
VDD = 4.75М, ісі. -1.6тА 
VDD = 4.75V, іон = —400uA, 


V 
HA 


Note 1: То insure that no illegal data is read from or written into the chip during power up, the power down input should 
be enabled only after all other lines (Read, Write, Chip Select, and Data Bus) are valid. 


AC Characteristics 
interrupt Timing 
(0°C &TA <70°С, 4.5V ЖУрр <5.5V, Vss = OV) 


TINTON 
'tSBYON 


Parameter 


'INTOFF 


'SBYOFF INTERRUPT Off (high Impedance State) 


Note 1: The status register clocks are: The corresponding counter’s 


Status Register Clock to INTERRUPT OUTPUT (Pin 13) High (Note 1) 
Compare Valid to STANDBY INTERRUPT (Pin 14) Low (Note 1) 
Trailing Edge of Status Register Read to INTERRUPT OUTPUT Low 

' Trailing Edge of Write Cycle 980 = 0; Address = 16 H) to STANDBY 





rollover to its reset state or the compare becoming 


valid. The compare becomes valid 61и5 after the 1/10,000 of a second counter is clocked, if the real time counter 


data matches the RAM data. 
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Read Cycle Timing 
(0°C тд <70°C, 4.5V S Vpp &5.5V, Vss = OV) 





Address Bus Valid to Read Strobe 
Chip Select to Read Strobe 

Read Strobe to Ready Strobe 
Ready Strobe to Data Valid 


Address Bus Valid to Data Valid 

Data Hold Time From Trailing Edge of Read Strobe 
Trailing Edge of Read Strobe to TRI-STATE Mode 

Read Hold Time after Ready Strobe 

Address Bus Hold Time from Trailing Edge of Read Strobe 
Rising Edge of Ready to Data Valid 





Note 2: If tag = 0 апа Chip Select, Address Valid or Read аге coincident then they must exist Тог 1050 ns. 


Write Cycle Timing 
(0°С &TA <70°С 45V СМрр 55V, Мог = OV) 


Address Valid to Write Strobe 
Chip Select to Write Strobe 
Data Valid before Write Strobe 


Write Strobe to Ready Strobe 

Ready 1 Strobe Width 

Write Hold Time after Ready Strobe . 
Data Hold Time after Write Strobe 
Address Ноја Time after Write Strobe 





Note 3: ІҒ data changes while CS and WR are low, then it must remain coincident within 1050 ns after the data change to 
ensure a valid writing. 
Data bus loading is 100 pF. 
Ready output loading is 50 pF and 3 kQ pull-up. 
Input and output AC timing levels: 
Logical one = 2.0V 
Logical zero = 0.8V 


Timing Waveforms 
READ CYCLE TIMING 





А0-А4 ADDRESS VALID 


t 
20, А 
С5 à 
22, ТВА 
RD 
САЖИ TRYH 
RDY / 
tRYDV 
дүр == Тан 
00.07 = 4), 
“Ар thz 
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WRITE CYCLE TIMING 


АО-А4 ADDRESS VALID | 


cs 


МЕ tow 


DO-D7 


Functional Description 
Real Time Counter 


The real time counter is divided into 4-bit digits with 2 
digits being accessed during any read or write cycle. Each 
digit represents a BCD number and is defined in Table 1. 
Any unused bits are held at a logical zero and ignored 
during a write. An unused bit is any bit not necessary to 
provide a full BDC number. For example, tens of hours can 
not legally exceed the number 2, thus only 2 bits are 
necessary to define the tens of hours. The other 2 bits 


Table 1. Real Time Counter Format 
Counter Addressed 


1/10,000 of Seconds (004) 


Hundredths and Tenths Sec (016) 


Seconds 

Minutes 

Hours 

Day of the Week 
Day of the Month 
Month 


(02) 
(03н) 
(044) 
(054) 
(06, ) 
(074) 


(—) Indicates unused bits 


RAM 


56 bits of RAM are contained on-chip. These can be used 
for any necessary power down storage or as an alarm latch 
for comparison to the real time counter. The data in the 
RAM can be compared to the real time counter on a digit 
basis. The only digits that are not compared are the unit, 
ten thousandths of seconds and days of the week (these 
are unused in the real time counter). If the two most 
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DATA VALID 


in the tens of hours digit are unused. The unused bits 
are designated in Table 1 as dashes. 


The addressable portion of the counter is from milliseconds 
to months. Тһе counter itself is a ripple counter. The 
ripple delay is less than бОџ5 above 4.ОУ and 3008 at 
2.0V. 


- Q O N Q Oi! (O © 





significant bits of any RAM digit are ones then this RAM 
location will always compare. 


The RAM is formatted the same as the real time counter, 
4 bits per digits, 14 digits, however there are no unused bits. 
The unused bits in the real time counter will compare 
only to zeros in the RAM. 
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Interrupts and Comparator 


There are two interrupt outputs. The first and most 
flexible is the INTERRUPT OUTPUT (a true high signal). 
This output can be programmed to provide 8 different 


‘output signals. They are: 10 Hz, 1 Hz, once per minute, 


once per hour, once a day, once a week, once a month, 
and when a RAM/real time counter comparison occurs. 
To enable the output a one 18 written into the interrupt 
control register at the bit location corresponding to the 
desired output frequency (Figure 1). Once one or more 
bits have been set in the interrupt control register, the 
corresponding counter's rollover to reset state will clock 
the interrupt status register and cause the interrupt output 
to go high. To reset the interrupt and to identify which 
frequency caused the interrupt, the interrupt status register 
is read. Reading this register places the contents of the 
status register on the data bus, The interrupt frequency 
will be identified by a one in the respective bit position. 
Removing the read will reset the interrupt. 


The second interrupt is the STANDBY INTERRUPT 
(open drain output, active low). This interrupt occurs 
when enabled and when a RAM/ real time counter com- 
parison occurs. The STANDBY INTERRUPT is enabled 
by writing a one on the DO line at address 16H or disabled 
by writing a zero on the DO line. This interrupt is not 
triggered by the edge of the compare signal, but rather 
by the level. Thus if the compare is enabled when the 
STANDBY INTERRUPT is enabled, the interrupt will 
turn on immediately. 







The comparator 15 а cascaded exclusive NOR. 115 output 
is latched 614s after the rising edge of the 1KHz clock 
signal (input to the ten thousandth of seconds counter). 
This allows the counter to ripple through before looking 
at the comparator. For operation at less than 4.0V, the 
thousandth of seconds counters should not be included in 
a comparison because of the possibility of having a ripple 
delay greater than 61$. (For output timing see interrupt 
timing.) 


Tables 2 and 3 are referred for the address input codes and 
functions and for the counter and latch reset format. 


Power Down Mode . 


The POWER DOWN input is essentially a second chip 
select. |t disables all inputs and outputs except for the 
STANDBY INTERRUPT. When this input is at a logical 
zero, the device will not respond to any external signals. 
It will, however, maintain time keeping and turn on the 
STANDBY INTERRUPT if programmed to do so. (The 
programming must be down before the POWER DOWN 
input goes to a logical zero.) When switching Vpp to the 
standby or power down mode, the POWER DOWN input 
should go to a logical zero at least 1 us before Мор is 
switched. When switching Мрр all other inputs must 
remain between Мс —0.3V and Му +0.3V. When 
restoring Vpp to the normal operating mode, it is necessary 
to insure that all other inputs are at valid levels before 
switching the POWER DOWN input back to a logical one. 
These precautions are necessary to insure that no data 


INTERRUPT 


WRITE CONTROL 
ONLY REGISTER 
ADDRESS-11N 














I/MIN 


I/SEC 
IO/SEC 


COMPARE 


READ 
ONLY 


I/HOUR 
I/DAY 


|МЕЕК 
1/МОМТН 


INTERRUPT 
STATUS 
REGISTER: 
ADDRESS-10N 


INTERRUPT 
OUTPUT 
(ACTIVE 
LOGIC HIGH) 


INTERRUPT 


Figure 1. Interrupt Register Format 
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Table 2. Address Codes and Functions 





Me eens инээн 
[ 0 | соло — Thousandths of Seconds — 
| Counter — Hundredths and Tenths of Seconds 
[ 0 | сота Seconds 000 
|| Counter Minutes 20 
[0 [Counter Hours. SSS 
Ca | бое = Day of the Week | 
Го | Counter - бау of the Month | 
т | Counter Months 1 
[0 | —  Letches— Thousandths of Seconds. | 
т | —  Latches - Hundredths and Tenths of Seconds 
[0 | акма seos 70) 
ШИНЖ 
гот 
2222 
2207 
ЕГІС 
201 
Ee 
о 










Latches — Minutes 


БЕНЕН өвөө 
о аав Н А 
E 
Со 











“СО” Command 
Standby Interrupt 






АП others unused. 


Table 3. Counter and Latch Reset Format 





[7 |. Counter or Latch Reset 
[о | Thousonaths of Seconds | 
Го | — hundredths and Tenths of Seconds 
о | Sens | 
o | М 
ru 
Cer 
о 
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Day of the Week 


Day of the Month 
| 1 | Months ^^ / 






For Counter Reset A4—AO0 Must be 10010 
For Latch Reset A4—AO0 Must be 10011 


is lost or altered when changing to or from the power down 
mode. s 


Counter and RAM Resets; GO Command 


The counters and RAM can be reset by writing all 1's 
(FF) at address 12H or 13H respectively. 


A write pulse at address 15H will reset the thousandths, 
hundredths, 
This GO command is used for precise starting of the clock. 


tenths, units, and tens of seconds counters. 


The data on the data bus is ignored during the writing. 14 
the seconds counter 15 at a value greater than 39 when the 
GO is issued, the minute counter will increment; otherwise 


the minute counter is unaffected. This command is not 


necessary to start the clock, but merely a convenient way 
to start precisely at a given minute. 


Status Bit 


The status bit is provided to inform the user that the clock 


-is in the process of rolling over when a counter is read. The 
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status bit is set if this 1 KHz clock occurs during or after 
any counter read. This tells the user that the clock is 
rippling through the real time counter. Because the clock is 
rippling, invalid data may be read from the counter. |Е the 
status bit is set following a counter read, the counter should 
be reread. 


The status bit appears on DO when address 14H is read. All 
the other data lines will be zero. The bit is set when a 
logical one appears. This bit should be read every time a 
counter read or after a series of counter reads are done. 
The-trailing edge of the read at address 14H will reset the 
status bit. 


Oscillator 


The oscillator is the standard parallel resonant oscillator. 
Externally, 2 capacitors, a 20M Ohm resistor and the 
crystal are required. The 20M Ohm resistor is connected 
between OSC IN and OSC OUT to bias the internal inverter 
in the linear region. For micropower crystals a resistor in 
series with the oscillator output may be necessary to 
insure the crysta! is not overdriven. This resistor should 
be approximately 200K Ohms. The capacitor values 
should be typically 20 pF — 25 pF. The crystal frequency 
is 32,768 Hz. 


The oscillator input can be externally driven, if desired. In 


Typical Application 


ADORESS BUS 





PWER DOWN 
D7 
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OSC IN 





32 KHz R* Vss INT 
XTAL 

3 pF == 

то 30 рЕ +T 20pF 


R BITS 


Урр 







р6 






OSC OUT STDBY INT 









this case the output should be left floating and the input 
level should be within 0.3V of the supplies. 


A ground line or ground plane between pins 9 and 10 may 
be necessary to prevent interference of the oscillator by the 
A4 address. 


Control Lines 


The READ, WRITE, CHIP SELECT signals are active low 
inputs. The READY signal is an open drain output. At the 
start of each read or write cycle the READY line (open 
drain) will pull low and remain low until valid data from a 
chip read appears on the bus or data on the bus is latched in 
during a writing. READ and WRITE must be accompanied 
by a CHIP SELECT (see Timing waveforms for read and 
write cycle). 


During a read or write, address bits must not change while 
chip select and control strobes are low. 


Test Mode 


The test mode is merely a mode for production testing. 11 
allows the counters to count at a higher than normal rate, 
In this mode the 32 KHz oscillator input is connected 
directly to the ten thousandths of seconds counter. The 
chip select and write lines must be low and the address 
must be held at 1 FH. 


DATA BUS 





STANDBY 
— BATTERY 
3V 
\/ 100K 
24 SYSTEM 
23 | Урр 
a м 
14 
13 MANUAL 
POWER UP 
SWITCH 
INTR L Қ? vs 


“А is required for microwatt crystals В 2 200K 


Figure 2. Standby Interrupt is Enable (ON) for Normal Operation and Disabled for Standby Operation 
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Features 


= Supports game port 

Supports 2nd serial port 

Centronics printer interface 

Independent control of transmit, receive, line status 
and data set interrupts 

Individual modem control signals 

Programmable serial interface characteristics: 

— 5,6, 7, ог 8 bit characters 

— Even, odd ог no-parity bit generation and detection 
- 1,1%, or 2 stop bit generation 


General Description 
The Multi-\/O chip, 0М82С852 is ап integrated chip 


of UM82C450, UM82C11, UM82C8167. This chip is а. 


Multi-I/O for PC/XT and PS2 model 30. 


The 82С450 asynchronous communications element 
(ACE) performs serial-to-parallel conversion on data char- 
acters received from peripheral devices or modems, and 
parallel-to-serial conversion of data characters transmitted 
by the CPU. The complete status of the ACE can be read at 
any time during functional operation by CPU. The informa- 
Поп obtained includes the type and condition of the 
transfer operations being performed and error conditions. 


Pin Configuration 


Nn 
о 
= 
а 


63 62 61 


ВТСС51 
COMCS 
DOE 


ов! 
DBC 
SIN 
ЕТЖ 
5cD 
DSA 
crs 
STR 
Vcc | 0М82С852 
CLKIN 
ята ! 
SOUT 
COMIRG | 
3USY 
ACK 
PE 
SLCUIN 





AUTOFD 


STROBE 


INIT 
SLCT 
| PTIRO 


ва 
sss 


0М82С852 


Multi І/О For XT 


Milliseconds through month counters for real time clock 

m 56 bits of RAM with comparator for comparing the real 

time counter to the RAM data 

POWER DOWN input that disables all inputs and outputs 

= Disables the chip from the reset of the system for 
standby low power operation by use of a POWER 
DOWN input 

и 32,768 Hz crystal for real time clock 

Four-year calendar (no leap year) 

m 24-hour clock 


The 82C11 parallel port provides the user with a bidirec- 
tional parallel data port that fully supports the parallel 
Centronics type printer. 


The 82C8167 real time clock includes an addressable 
real time counter, 56 bits of static RAM with an on 
chip oscillation circuit which can generate the 32,768 Hz 
time base. 


The 82С852 is packaged in a 68-pin plastic leaded chip 
carrier. | 


Block Diagram 








SIN 
RI 
DCD x1 
DSR 
SR 82С450 82c8167 | х2 
CLK IN 
RT RTCIRQ 
SOUT 
COMIRQ 
DBO ~ 087 
АО ~ A9 PDO ~PD7 
PWDN BUSY 
RTCCSO (1) ACK 
LPTCSO {1} PE 
COMCS SELECT SLCT IN 
TOR ERROR 
IOW-—= ТРТОЁ 
АЕМ LPTIRQ 
RESET STROBE 
DO 
GAMERD Mec INIT 
GAMEWR SLCT 
СОМ205 





INTERNAL BUS 
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> 
5 
g 
Ф 
6 
=. 
= 
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o 
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Symbol 1/0 Description 
РМОМ 
ВТСІНО 





POWER DOWN — This input disables all inputs and outputs. 


RTC INTERRUPT REQUEST - This is а RTC interrupt request when a 
RAM/real time counter comparison occurs. 


4-11 DBO~ 1/0 DATA BUS — This data bus provides 1/О lines for the transfer of data be- 
tween CPU and the chip. 


О 
00 
ч 


SIN 


SERIAL INPUT — This line.is used to receive serial data from the com- 


munication line. 





RING INDICATOR — When low, indicates that a telephone ringing signal 
has been received by the MODEM or data set. 


DATA CARRIER DETECT — When low, indicates that the data carrier 
has been detected by the MODEM or data set. 


Q 
O 
О 


О 
#2; 
2) 


DATA SET READY — When low, indicates that the MODEM ог data set 
is ready to establish the communication. 


CLEAR TO SEND — When low, indicates that the MODEM ог data set is 
ready to receive data. 


DATA TERMINAL READY — When low, informs the MODEM or data 
set that the ACE is ready to communicate. 


О 
4 
Co 


CLOCK INPUT - The external clock for 82C450. 


REQUEST TO SEND - When low, informs the MODEM or data set that 
the ACE is ready to transmit data. 


— anh — 


C 
r^ 
| = 
2 


N 
© 
2 
za 
4) 


1 SERIAL OUTPUT — Composite serial data output to Ше communications 


link. 
COM INTERRUPT REQUEST — ACE interrupt request. 
BUSY STATE — When high, printer can't receive data. 


ACKNOWLEDGE — When low, indicates that the data has been received 
and the printer is ready to accept other data. 


N 


е 


2 COMIRO 


со Оо 
| et О 
(72) С 
< е 


3 
-4 
20 


N 
A 
> 
О 
Ж 








open collector output. 


25 EE ENDE PAPER END — When high, indicates that the printer is out of paper. 
26 SLCTIN SN SELECT IN — This is always high unless the printer is down. 
27 ERROR W SE ERROR — When low, the printer has encountered an error condition. 
28 ~ 34, PDO ~ 1/0 PARALLEL DATA BUS — This bus provides a byte-wide bi-direction дата 
36 PD7 port to the system. 
37 LPTOE LINE PRINTER OUTPUT ENABLE — When low, the printer data output 
(PDO ~ PD7) enables. 
RESET ЗЕ When high, forces the 82C450 and 82C11 to an idle state. 
|. 89 STROBE /O DATA STROBE - When low, the printer reads in the data on printer data 
bus PDO ~ PD7, open сойестог output. 
штэ AUTOFD ИО AUTO FEED — When low, the printer adds line-feed after a line is printed, 
Са | тт] 


I/O INITIAL — When low, the printer buffer is cleared, open collector output. 
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Pin Description (Continued) 










/О 


42 SECT PRINTER SELECT — When low, the printer is selected, open collector 
output. 


LPTIRQ NW PRINTER INTERRUPT REQUEST — Printer interrupt request 
4 COM2CS EN СОМ2 CHIP SELECT — When low, COM? is selected. 
6 






3 
[a | Bae | о | лме READ Мен ден отн амн 
774 |н | о С | 


47 ~ 51 АО ~ AQ ADDRESS BUS — These address lines are used to select chip and internal 
53 ~ 57 register during CPU cycie. 
AEN L3 DMA ADDRESS ENABLE — When high, ОМА cycle. When low, CPU cycle. 
БІН МО WRITE — When low, CPU write data to data Бие, 









| 6 | 108 [| 1 МО READ — When low, CPU read data from data bus 
ЖЕСІН DATA OUTPUT ENABLE — When low, CPU read/write data to this chip 
COMCS BENE COM SELECT — COM address select. 


63 ~ 64 LPTCSO ~ PRINTER SELECT — Printer address select 
LPTCS1 
65 ~ 66 RTCCSO ~ RTC SELECT — RTC address select. 
RTCCS1 






67 ~ 68 Х1,Х2 ШЕН 32.768 KHz real time clock crystal input. 


[Gm T 


Function Description: 
(a) 1/О Port Address: 


(i) Parallel port: (iii) Real time clock: 


LPTCS1 | LPTCSO RTCCS1 | RTCCSO 
ОВО ~ OBF 


Жы САН Y. LS ON ON 1287 
Е [s 
(м) Game port: 










a E 240 ~ 25F ВТС1 
340 ~ 35F НТС2 






1 278 ~ 27A LPT3 
БЕКЕН | ые 


(ii) Asynchronous communication port: 


| COMCS | COMI Address СОМ2 Address 
ВЕ ВИ ЗЕВ ~ ЗЕЕ 2Е8 ~ 2FF 
2F8 ~ 2ЕЕ 3F8 ~ ЗЕЕ 





OEO ~ ОЕР RTC3 
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(b) Serial Channel Registers 


Three types of internal registers are used in the serial 
channel of the UM82C852. They are used in the opera- 
tion of the device and are the control status and data 
registers, The control registers are the Bit Rate Select 
Register DLL (Divisor Latch LSB) and DLM (Divisor 
Latch MSB). Line Control Register Interrupt Enable 
Register and the Modem Control registers while the status 
registers are the Line Status Hegisters and the Modem 
Status Register. The data registers are the Receiver Buffer 
Register and the Transmitter Holding Register. The Address 
Read and Write inputs are used in conjunction with the 
Divisor Latch Access Bit in the Line Control Register 
[LCR (7)) to select the register to be written or read 
(see Table 1). Individual bits within these registers are 
referred to by the register mnemonic and the bit number 
in parenthesis. An example LCR (7) refers to Line Control 
Register Bit 7. 


The Transmitter Buffer Register and Receiver Buffer 
Register are data registers holding from five to eight bits 
of data. If less than eight data bits are transmitted data 
is right justified to the LSB. Bit O of a data word is always 
the first serial data bit received and transmitted. The 
UM82C852 data registers are double-buffered so that 
read and write operations can be performed at the same 
time the UART is performing the parallel-to-serial and 
serial-to-parallel conversion. 


The format of the data character is controlled by the 
Line Control Register, The contents of the LCR may 
be read, eliminating the need for separate storage of the 
line characteristics in system memory. The contents of 
the LCR are described as follows: 








UMS2C852 





(СН (О) Word Length Select Bit О (WLSO) 
LCR (1) Word Length Select Bit 1 (WLS1) 
LCR (2) Stop Bit Select (STB) 

LCR (3) Parity Enable (PEN) 

LCR (4) Even Parity Select (EPS) 

LCR (5) Stick Parity 

LCR (6) Set Break 

LCR (7) Divisor Latch Access Ви (D LAB) 


LCR (0) and LCR (1) word length select bit 1: The number 
of bits in each serial character is programmed as shown 
in the following chart: 


LCR (1) LCR (0) Word Length 
0 0 





1 
0 
1 


(СВ (2) Stop Ви Select: LCR (2) specifies the number 
of stop bits in each transmitted character. ІҒ LCR (2) 
is a logic O, one stop bit is generated in the transmitted 
data. If LCR (2) is a logic 1 when а 5-bit word length 
is selected, 1.5 stop bits are generated. If LCR (2) ба 
logic 1 when either a 6-, 7-, or 8-bit word length is selected, 
two stop bits are generated. The receiver checks for two 
stop bits if programmed. 


LCR (3) Parity Enable: When LCR (3) is high, a parity 
bit between the last data word bit and stop bit is generated 
and checked. 


Table 1. Serial Channel Internal Registers 


DLAB 






TENES 


-- х X X X X X о о O 
= = о O O O O 


X = “Don't Саге" 0 = Logic Low 












Receiver Buffer Register (read only) 






Transmitter Holding Register (write only) 
Interrupt Enable Register 

Interrupt Identification Register (read only) 
Line Control Register 


Modem Control Register 





Line Status Register 
Modem Status Register 
Scratch Register | 

Divisor Latch (LSB) 
Divisor Latch (MSB) 


1 = Logic High 
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LCR (4) Even Parity Select: When parity is enabled (LCR 
(3) = 1). LCR (4)-0 selects odd parity, and ССР (4) = 1 
selects even parity. 





(СН (5) Stick Parity: When parity is enabled (LCR (3) = 
1), LCR (5) = 1 causes the transmission and reception 
оға parity bit to be in the opposite state from that in- 
dicated by LCR (4). This allows the user to force parity 
to a known state and for the receiver to check the parity 
bit in a known state. 

LCR (6) Break Control: When LCR (6) is set to a logic 
“1”, the serial output (SOUT) is forced to the spacing 
(logic O) state. The break is disabled by setting LCR (6) 
to a logic “0”, The Break Control bit acts only on SOUT 
and has no effect on the transmitter logic. Break Control 
enables the CPU to alert a terminal in a computer com- 
munications system. М the following sequence is used, 
no erroneous or extraneous characters will be transmitted 
because of the break. 


1. Load an al! “0” pad character in response to THRE. 

2. Set break in response to the next THRE. 

3. Wait for the transmitter to be idle (TEMT = 1, 
and clear break when normal transmission has to 
be restored. 


LCRILCR | LCRILCR JLCRILCR|LCR[LCR 
7 6 5 14 3 12 1 0 


Мога 


имв2св52 


LCR (7) Омвог Latch Access Bit (DLAB): LCR (7) must 
be set high (logic 717) to access the Divisor Latches DLL 
and DLM of the Baud Rate Generator during a read or 
write operation. ІСН (7) must be input low to access 
the Receiver Buffer the Transmitter Holding or the In- 
terrupt Enable Registers. 


The Line Status Register (LSR) is a single register that 
provides status indications. The LSR is usually the first 
register read by the CPU to determine the cause of an 
interrupt or to poll the status of the serial channel of the 
UM82C852. 


Three error flags OE, FE, and PE provide the status of 
any error conditions detected in the receiver circuitry, 
During reception of the stop bits the error flags are set 
high by an error condition. The error flags are not reset 
by the absence of an error condition in the next received 
character. The flags reflect the last character only if no 
overrun occurs. The Overrun Error character in the 
Receiver Buffer Register has been over-written by a char- 
acter from the Receiver Shift Register before being read 
by the CPU. The character is thereby lost. Framing Error 
(FE) indicates that the last character received contained 
incorrect (low) stop bits. This is caused by the absense 


5 Data Bits 


Length 
Select 


Stop 
Bit Select 


Parity 
Enable 


Even 
Parity 
Select 


Stick 
Parity 


Break 
Control 


Divisor 
Latch 
Access 
Bit 


6 Data Bits 
7 Data Bits 
= 8 Data Bits 
1 Stop Bit 
1.5 Stop Bits if 5 Data Bits Selected and 2 Stop 
Bits if 6, 7, 8 Data Bits Selected 
Parity Disak'ed 
Parity Enabled 


Odd Parity 
Even Parity 


Stick Parity Disabled 
Stick Parity Enabled 


Break Disabled 
Break Enabled 


Access Receiver Buffer 
Access Divisor Latches 





Figure 1. Line Control Register 
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of the required stop bit or by а stop bit too short to be 
detected, Parity Error (PE) indicates that the last character 
received had a parity error based on the programmed and 
calculated parity of the received character. 





The Break Interrupt (ВІ) status bit indicates that the 
last character received was a break character. A break 
character is an invalid data character. However, it is an 
entire character including parity and stop bits. 


The Transmitter Holding Register Empty (THRE) bit 
indicates that the THR register is empty and may receive 
another character. The Transmission Shift Register Empty 
(TEMT) bit indicates that the Transmitter Shift Register 
is empty and the serial channel has completed transmission 
of the last character to be sent. If the interrupt is enabled 
ПЕН (1)] an active THRE causes an interrupt (INTRPT). 


The Data Ready (DR) bit indicates that the RBR has 
been loaded with a received character (including Break) 
and that the CPU may access this data. 


Reading the LSR clears LSR (1)-LSR (4). (OE, PE, FE, 
and BI). 


The contents of the Line Status Register shown in Table 
2 are described below: 


LSR (0) Data Ready (DR): Data Ready is set high when 
an incoming character has been received and transferred 
into the Receiver Buffer Register, LSR (0) is reset low 
by a CPU read of the data in the Receiver Buffer Register. 


LSR (1) Overrun Error (OE): Overrun Error indicates 
that data in the Receiver Buffer Register was not read 
by the CPU before the next character was transferred 
into the Receiver Buffer Register overwriting the previous 
character, The OE indicator is reset whenever the CPU 
reads the contents of the Line Status Register. 


LSR (2) Parity Error (PE): Parity Error indicates that 
the received data character does not have the correct 





UM82C 852 


even or odd parity, as selected by the Even Parity Select 
bit [LCR (4)]. The PE bit is set high upon detection 
of a parity error, and is reset low when the CPU reads 
the contents of the LSR. 


LSR (3) Framing Error (FE): Framing Error indicates 
that the received character did not have a valid stop bit. 
LSR (3) is set high when the stop bit following the last 
data bit or parity bit is detected as a zero bit (spacing 
level). The FE indicator is reset low when the CPU reads 
the contents of the LSR. 


LSR (4) Break Interrupt (ВІ): Break Interrupt is set high 
when the received data input is held in the spacing (logic 
0) state for longer than a full word transmission time 
(start bit + data bits + parity + stop bits). The BI indicator 
is reset when the CPU reads the contents of the Line 
Status Register. 


LSR (1)-LSR (4) are the error conditions that produce 
a Receiver Line Status interrupt (priority 1 interrupt 
in the Interrupt Identification Register (11 А)) when апу 
of the conditions are detected. This interrupt is enabled 
by setting ЇЕВ(2) = 1 in the Interrupt Enable Register. 


LSR (5) Transmitter Holding Register Empty (THRE) 
THRE: indicates that the UM82C852 is ready to accept 
a new character for transmission. The THRE bit is set 
high when a character is transferred from the Transmitter 
Holding Register into the Transmitter Shift Register LSR 
(5) is reset low by the loading of the Transmitter Hold- 
ing Register by the CPU. LSR (5) is not reset by a CPU 
read of the LSR. 


When the THRE interrupt is enabled (IER (1) = 1). THRE 
causes a priority 3 interrupt in the IIR. If THRE is the 
interrupt source indicated in ИВ, INTRPT is cleared 
by a read of the IIR. | 


LSR (6) Transmitter Empty (TEMT): TEMT is set high 
when the Transmitter Holding Register (THR) and the 


Table 2. Line Status Register Bits 









LSR (7) | Not Used 





LSR Bits 


LSR (0) Data Ready (DR) 

LSR (1) Overrun Error (OE) 

LSR (2) Parity Error (PE) 

LSR (3) Framing Error (FE) 

LSR (4) Break Interrupt (ВІ) 

LSR (5) Transmitter Holding Register Empty (THRE) 
LSR (6) . Transmitter Empty (TEMT) 


Not Ready 












No Error 






No Error 






No Error 
No Break 
Not Empty 















Not Empty 
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Transmitter Shift Register (TSR) аге both empty. LSR 
(6) is reset low when a character is loaded into the THR 
and remains low until the character is transferred out 
of SOUT. TEMT is not reset low by a CPU read of the 
LSR. 





LSR (7): This bit is always O. 


The Modem Control Register (MCR) controls the inter- 
face with the modem or data set as described in Table 
3. MCR can be written and read. The RTS and DTR 
Outputs are directly controlled by their control bits in 
this register, A high input asserts a low (true) at the out- 
put pins. MCR Bits 0, 1, 3, and 4 are shown below: 


MCR (0): When MCR (0) is set high the DTR output 
is forced low. When MCR (0) is reset low, the DTR 
output is forced high. The DTR output of the serial 
channel may be input into an inverting line driver in order 
to obtain the proper polarity input at the modem or 
data set. 


MCR (1): When MCR (1) is set high, the RTS output 
is forced low. When MCR (1) is reset low, the RTS out- 
put is forced high. The RTS output of the serial channel 
may be input into an inverting line driver іп order to 
obtain the proper polarity input at the modem or data 
set. 


MCR (3): When MCR (3) is set high, the INT output 
is enabled. 


MCR (4): MCR (4) provides a local loopback feature 
for diagnostic testing of the channel. When MCR (4) is 
set high, Serial Output (SOUT) is set to the marking (logic 
417) state, and the receiver data input Serial Input (SIN) 
is disconnected. The output of the Transmitter Shift 
Register is looped back into the Receiver Shift Register 


0М82С852 


input. Тһе three modem contro! inputs (CTS, DSR, 
and ВП are disconnected. The modem control outputs 
(DTR and RTS) are internally connected to the four 
modem contro! inputs. The modem control output pins 


‚ are forced to their inactive state (high). 


. In the diagnostic mode, data transmitted is immediately 


received. This allows the processor to verify the transmit 
and receive data paths of the selected serial channel. Bits 


MCR (5)-MCR (7) are permanently set to logic O. 


The MSR provides the CPU with status of the modem 
input lines from the modem or peripheral devices. The 
MSH allows the CPU to read the seria! channel modem 


· signal inputs by accessing the data bus interface of the 
` UM82C852. In addition to the current status informa- 


RI and 


tion, four bits of the MSR indicate whether the modem 
inputs have changed since the last reading of the MSR. 
The delta status bits are set high when a control input 
from the modem changes state, and reset low when the 
CPU reads the MSR. 


The modem input lines for each channel are CTS, DSR, 
RI DCD, MSR (4) - MSR (7) are status indica- 
tions of these lines. The status indications follow the 
status of the input lines. № the modem status interrupt 
in the Interrupt Enable Register is enabled [IER (3)], 
a change of state in a modem input signal will be reflect- 
ed by the modem status bits in the IIR register, and an 
interrupt (INTRPT) is generated. The MSR is a priority 
4 interrupt. The contents of the Modem Status Register 
are described in Table 4, Note that the State (high or 
low) of the status bits are inverted versions of the actual 
input pins. 


MSR (0) Delta Clear to Send (DCTS): DCTS indicates 
that the CTS input to the serial channel has changed 
state since the last time it was read by the CPU, 


Table 3. Modem Control Register Bits 


















MCR (0) Data Terminal Ready (ОТН) 
MCR (1) Request to Send (RTS) 
MCR(2) 0 

MCR (3) Interrupt (INT) Enable 
MCR (4) Loop 

MCR (5) 0 

MCR (6) 0 

MCR (7) 0 





DTR Output Low 
RTS Output Low 






DTR Output High 
RTS Output High 












INT Enabled 
Loop Enabled 


INT Disabled 
Loop Disabled 
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· Modem Control Register (МСН) 


МСВ| MCRIMCRIMCRIMCRIMCRIMCRIMCR 
17 6 5 4 3 2 1 0 
| 


баға 
Terminal 
Ready 


Request 
To Send 


NC 


INT 


LOOP 
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—DTR Output High (Inactive) 
—DTR Output Low (Active) 


0 = —RTS Output High (Inactive) 
1 = —RTS Output Low (Active) 


Not Connected 


NT Disabled 


0 
1 NT Enabled 


0 = LOOP Disabled 
1- LOOP Enabled 


These Bits are Permanently Set to Logic “0” 





Figure 2. Modem Control Register 


Table 4. Modem Status Register Bits 


CMSA ви [мети] — U Den — 


Delta Data Set Ready 
Trailing Edge of Ring Indicato 
Delta Clear to Send 


Delta Data Carrier Detect 
Clear To Send 

Data Set Ready 

Ring Indicator 

Data Carrier Detect 





MSR (1) Delta Data Set Ready (DDSR): DDSR indicates 
that the DSR input to the serial channel has changed 
state since the last time it was read by the CPU. 


MSR (2) Trailing Edge of Ring Indicator (TERI): TERI 
indicates that the RT input to the serial channel has 
changed state from high to low since the last time it was 


read by the CPU. Low to high transitions on НІ do not 
activate TERI. 


MSR (3) Delta Data Carrier Detect (ООСО): ООСО in- 
dicates that the DCD input to the serial channel has 
changed state since the last time it was read by the CPU. 





MSR (4) Clear to Send (CTS): Clear to Send (CTS) is 
the status of the CTS input from the modem indicating 
to the serial channel that the modem is ready to receive 
data from the serial channel's transmitter, output (SOUT). 
If the serial channel is in loop mode [MSR (4) - 1]. MSR 
(4) is equivalent to RTS in the MCR. | 


MSR (5) Data Set Ready (DSR): Data Set Ready (DSR) 
is а status of the 058 input from the modem to the 
serial channel which indicates that the modem is ready to 
provide received data to the serial channel receiver cir- 
cuitry. № the channel is in the loop mode |МСВ (4) = 1], 


· MSR (5) is equivalent to ОТВ in the MCR. 


MSR (6) Ring Indicator: Indicates the status to the RI 
input (pin 39). If the channel is in the loop mode [MCR 
(4) = 11, MSR (6) is not connected т the МСН. 


MSR (7) Data Carrier Detect: Data Carrier Detect in- 
dicates the status of the Data Carrier Detect (DCD) input. 
If the channel is іп the loop mode [MCR (4) = 1], MSR 
(4) is equivalent to OUT2 of the MCR. 





The modem status inputs (RI, DCD, DSR, and CTS) 
reflect the modem input lines with any change of status. 
Reading the MSR register will clear the delta modem 
status indications but has no effect on the status bits. 
The status bits reflect the state of the input pins regardless 
of the mask contro! signals. № a DCTS, DDSR, TERI, 
or DDCD are true, and a state change occurs during а 
read operation (IOR), the state change is not indicat- 
ed in the MSR. If DCTS, DDSR, TERI, or DDCD are 
false, and a state change occurs during a read operation, the 
state change is indicated after the read operation. 


For LSR and MSR, the setting of status bits (IOR) is 
inhibited during status register read operations. If a status 
condition is generated during a read operation. (IOR), 
the status bit is not set until the trailing edge of the read 
(ОН). 
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If a status bit is set during a read ТОЙ operation, and 
the same status condition occurs, that status bit will be 
cleared at the trailing edge of the read ТОН instead of 
being set again. 





The 0М82С852 serial channel contains a programmable 
Baud Rate Generator (BRG) that divides the clock (DC 
to 3.1 MHz) by any divisor from 1 to 216—1 (see also 
BRG description). The output frequency of the Baud 
Generator is 16X the data rate [divisor # = clock + (baud 
rate x 16)]. Two 8-bit divisor latch registers store the 
divisor in a 16-bit binary format. These Divisor Latch 
registers must be loaded during initialization. Upon load- 
ing either of the Divisor latches, a 16-bit baud counter 
is immediately loaded. This prevents long counts on initial 
load. | 


The receiver circuitry іп each serial channel of the 
0М82С852 is programmable for Б, 6, 7, or 8 data bits 
per character. For words of less than 8 bits, the data is 
right justified to the least significant bit LSB - Data Bit 
O [RBR (0)]. Data Bit O of a data word [RBR (0)] is 
the first data bit received. The unused bits in a character 
less than 8 bits are output low to the parallel output by 
the serial channel. 


Received data at the SIN input pin is shifted into the 
Receiver Shift Register by the 16X clock provided at the 
CLKIN input. This clock is synchronized to the incomplete 
data based on the position of the start bit. When a complete 
character is shifted into the Receiver Shift Register, the 
assembled data bits are parallel loaded into the Receiver 
Buffer Register. The DR flag in the LSR register is set. 


Double buffering of the received data permits continuous 
reception of data without losing received data. While the 
Receiver Shift Register is shifting a new character into 
the seria! channel, the Receiver Buffer Register is holding 
a previously received character for the CPU to read. Failure 
to read the data in the RBR before complete reception 
of the next character results in the loss of the data in the 
Receiver Register. The OE flag in the LSR register indicates 
the overrun condition. 


RBR Bits O thru 7: 


RBR (0) Data Bit O 
RBR (1) Data Bit 1 
RBR (2) Data Bit 2 
RBR (3) Data Bit 3 
RBR (4) Data Bit 4 
RBR (5) Data Bit 5 
RBR (6) Data Bit 6 
RBR (7) Data Bit 7 


0М82С852 


The Transmitter Holding Register (THR) holds parallel 
data from the data bus (DO-D7) unti! the Transmitter 
Shift Register is empty and ready to accept a new character 
for transmission. The transmitter and receiver word length 
and number of stop bits are the same. If the character 
is less than eight bits, unused bits at the microprocessor 
data bus are ignored by the transmitter. 


Data Bit О [ТНВ (0)] is the first serial data bit transmitted. 
The THRE flag [LSR (5)] reflects the status of the THR. 
The TEMT flag [LSR (5)] indicates if both the THR 
and TSR are empty. 


THR Bits O thru 7 


THR (0) Data Bit O 
THR (1) Data Bit 1 
THR (2) Data Bit 2 
THR (3) Data Bit 3 
THR (4) Data Bit 4 
THR (5) Data Bit 5 
THR (6) Data Bit 6 
THR (7) Data Bit 7 


The Scratchpad Register is an 8-bit Read Write register that 
has no effect on either channel in the UM82C852 It is 
intended to be used by the programmer to hold data 
temporarily. 


SCR Bits O thru 7 


SCR (0) Data Bit O 
SCR (1) Data Bit 1 
SCR (2) Data Bit 2 

. SCR (3) Data Bit 3 
SCR (4) Data Bit 4 
SCR (5) Data Bit 5 
SCR (6) Data Bit 6 
SCR (7) Data Bit 7 
Interrupts 


The Interrupt Identification Register (ИВ) in the serial 
channel of the UM82C852 has interrupt capability for 


 interfacing to current microprocessors. іп order to min- 


imize software overhead during data character transfers 


, 


the serial channel prioritizes interrupts into four levels. 
The four levels of interrupt conditions are as follows: 


1. Receiver Line Status (priority 1) 

2. Received Data Ready (priority 2) 

3. Transmitter Holding Register Empty (priority 3) 
4. Modem Status (priority 4) 


Information indicating that a prioritized interrupt is pend- 


ing and the type of interrupt is stored in the interrupt 


Identification Register (ИВ). When addressed during _ 
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chip select time, the НА indicates the highest priority 
interrupt pending. No other interrupts are acknowledged 
until the interrupt is serviced by the CPU. The logic equiv- 
alent of the interrupt control circuit is shown in Figure 3. 
The contents of the IIR are indicated in Table 5 and 
are described below. 


ПІН (0): IIR (0) сап be used in either a hard-wired prioritiz- 
ed or polled environment to indicate whether an interrupt 
is pending. When ИВ (0) is low, an interrupt is pending, 
and IIR contents may be used as a pointer to the appro- 
priate interrupt service routine. When ИВ (0) is high, 
no interrupt is pending. 


ИВ (1) and ИА (2) are used to identify the highest priority 
interrupt pending as indicated in Table 5. | 


ИВ (3)-11В (7): These five bits of the ИВ are logic 0. 


The interrupt Enable Register (IER) is a Write register 
used to independently enable the four serial channel 
interupts which activate the interrupt (INTRPT) output. 
All interrupts are disabled by resetting JER (0)4ЕН (3) 
of the Interrupt Enable Register. Interrupts are enabled 
by setting the appropriate bits of the IER high. Disabling 
the interrupt system inhibits the Interrupt Identification 
Register and the active (high) INTRPT output. АП other 
system functions operate in their normal manner, including 
the setting of the Line Status and Modem Status Registers. 
The content of the Interrupt Enable Register is described 
in Table 6 and below. 


IER (0): When programmed high [IER (0) - Logic 1], 
IER (0) enables Received Data Available Interrupt. 


IER (1): When programmed high [IER (1) = Logic 1], 
IER (1) enables the Transmitter Holding Register Empty 
interrupt. 


IER (2): When programmed high [IER (2) » Logic 1], 
IER (2) enables the Receiver Line Status interrupt. 


IER (3): When programmed high [IER (3) = Logic 1], 
IER (3) enables the Modem Status Interrupt. 


IER (4)HER (7): These four bits of the IER are logic 
0. 


Transmitter 


The serial transmitter section consists of a Transmitter 
Holding Register (THR), Transmitter Shift Register (TSR), 
and associated contro! logic. The Transmitter Holding 
Register Empty (THRE) and Transmitter Shift Register 
Empty (TEMT) are two bits in the Line Status Register 
which indicate the status of THR and TSR. To transmit 
a 5 to 8-bit word, the word is written through DBO-DB7 
to the THR. The microprocessor should perform a write 


operation only if THRE is high. The THRE is set high 
when the word is automatically transferred from the 
THR to the TSR during the transmission of the start 
bit. 


When the transmitter is idle, THRE and ТЕМТ are high. 
The last word written causes THRE to be reset to 0. 
After the transfer, THRE returns high. TEMT remains 
low for at least the duration of the transmission of the 
data word. | а second character is transmitted to the 
THR, the THRE isreset low. Since the data word cannot 
be transferred from the THR to the TSR unti! the TSR 
is empty, THRE remains low until the TSR has com- 
pleted sending the word. When the last word has been 
transmitted out of the TSR, TEMT is set high. THRE 
is set high one THR to TSE transfer time later. 


Receiver 


Serial asynchronous data is input into the SIN pin. The 
idle state of the line providing the input into SIN is high. 
A start bit detect circuit continually searches for a high 
to low transition from the idle state. When the transition 
is detected, a counter 15 reset, and counts the 16X clock 
to 71/2, which is the center of the start bit. The start 
bit is valid if the SIN is still low at the mid-bit sample of . 
the start bit. Verifying the start bit prevents the receiver 
from assembling a false data character due to a low going 
noise spike on the SIN input. 


The Line Control Register determines the number of 
data bits in a character (LCR (0), LCR (1)), number of 
stop bits LCR (2), if parity is used LCR (3), and the 
polarity of parity LCR (4). If Status for the receiver is 
provided in the Line Status Register to the Receiver 
Buffer Register when the Data Received indication in LSR 
(O) is set high, the CPU reads the Receiver Buffer Re- 
gister through DO-D7. This read resets LSR (0). !f DO- 
D7 are not read prior to a new character transfer from 
the RSR to the RBR, the overrun error status indica- 
tion is set in LSR (1). The parity check tests for even 
or odd parity on the parity bit, which precedes the first 
stop Би. If there is a parity error, the parity error is set 
in LSR (2). There is circuitry which tests whether the 
stop bit is high. If it is not, a framing error indication 
is generated in LSR (3). 


The center of the start bit is defined as clock count 7 
1/2. 1f the data into SIN is a symmetrical square wave, the 
center of the data cells will occur within +3.125% of 
the actual center, providing an error margin of 46,875%. 
The start bit can begin as much as one 16X clock cycle 
prior to being detected. 


Baud Rate Generator (BRG) 
The ВЕС generates the clocking for the UART function, 
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providing standard ANSI/CCITT bit rates. The clock 
driving the BRG is provided by the CLKIN input. 


The data rate is determined by the Divisor Latch registers 
DLL апа DLM and the external frequency. The bit rate 
is selected by programming the two divisor latches, Divisor 
Latch Most Significant · Byte and Divisor Latch Least 
Significant Byte. Setting DLL = 1 and ОІМ = O selects 
the divisor to divide by 1 (divide by 1 gives the maximum 
baud rate for a given input frequency at the CLKIN input. 


The BRG can use any of three different popular frequencies 
to provide standard baud rates. These frequencies are 
1.8432 MHz, 2.4576 MHz, and 3.072 MHz. With these 
frequencies, standard bit rates from 50 to 38.5 kbps are 
available. Tables 7, 8, and 9 illustrate the divisors needed to 
obtain standard rates using these three crystal frequencies, 


Reset 


. After power up, the UM82C852 RESET input should 

. be held high for 500 ns to reset the UM82C852 circuits 

. to an idle mode until initialization. A high on RESET 
causes the following: 


1. Initializes the transmitter and receiver internal clock 
counters, 

2. Clears the Line Status Register (LSR), except for Trans- 
mitter Shift Register Empty (TEMT) and Transmit 
Holding Register: Empty (THRE), which are set. The 
Modem Control Register (MCR) is also cleared. All 
of the discrete lines, memory elements and miscellane- 
ous logic associated with these register bits are also 
cleared or turned off. The Line Control Register (LCR), 
Divisor Latches, Receiver Buffer Register, Transmitter 
Buffer Register are not affected. 


Following removal of the reset condition (Reset high), 
the UM82C852 remains in the idle mode until programmed. 


A hardware reset of the UM82C852 sets the THRE and 
TEMT status bit in the LSR. When interrupts are sub- 
sequently enabled, an interrupt occurs due to THRE. 


A summary of the effect of a reset оп the UM82C852 
15 given in Table 10. 


Programming 


Each serial channel of the UM82C852 is programmed 
by the control registers LCR, IER, DLL and DLM, and 
MCR. These control words define the character length, 
number of stop bits, parity, baud rate, and modem in- 
terface. While the control register can be written in any 
order, the IER should be written to last because it controls 
the interrupt enables. Once a serial channel is programmed 
and operational, these registers can be updated any time 


the 0М82С852 serial channel is not transmitting or re- 
ceiving data. 


The control signals required to access each serial channel's 
internal registers are shown below. 


Software Reset 


A software reset of the serial channel is a useful method 
for returning to a completely known state without a 


‚ System reset. Such a reset consists of writing to the LCR, 


Divisor Latches, and MCR registers. The LSR and RBR 
registers should be read prior to enabling interrupts in 
order to clear out any residual data or status bits which 
may be invalid for subsequent operation. 


Clock Input Operation 


The maximum input frequency of the external clock 
of the UM82C852 is 3.1 MHz. 


(c) Parallel Port Registers 


The UMB2CB852's parallel port interfaces the device to 
а Centronics-style printer. When parallel port address 
selected (IOR) and write (IOW) pin are as shown, the Read 
Data Register allows the microprocessor to read the in- 
formation on the parallel bus. The Read Status Register 
allows the microprocessor to read the status of the printer 
in the five most significant bits. The status bits are Printer 


Визу (BUSY). Acknowledge (АСК) which is a hand- 
shake function. Paper Empty (РЕ), Printer Selected 
(SLCT), and Error. (ERROR). The Read Control Re- 


gister allows the state of the control lines to be read. 
The Write Control Register sets the state of the control 
lines. 


They are LPTIRO Enable (ВО ENB). Select In (SLIN). 
Initialize the Printer (INIT). Autofeed the Paper (AUTO- 
FD). Strobe (STROBE), which informs the printer of 
the presence of a valid byte on the parallel bus. The Write 


Data Register allows the microprocessor to write a byte 


to the parallel bus. 


The parallel port is completely compatible with the par- 
allel port implementation used in the ІВМ Seriai/Parallel 
Adaptor. 
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Table 5. interrupt Identification Register 
Interrupt Identification Interrupt Set and Reset Functions 


Priority interrupt Interrupt Interrupt 
Level Flag Source Reset Control 


None None 





























OE, PE 
ЕЕ, ог Bl: 


Receiver 
Line Status 










First LSR Read 


















Received Data 
Available 


Received Data 
Available 










RBR Read 





Second 













ИВ Read if THRE в the 
Interrupt Source or THR Write 








Third THRE THRE 












—CTS, —DSR 
—RI, –рср) 















MSR Read 






Fourth Modem Status 





X 7 Not Defined. 


DR (LSR BIT O) 


ERBFI (IER BIT О) 


THRE (LSR BIT 5) 


ЕТВЕ! (IER BIT 1) 
) > INTERRUPT 
OUTPUT 
OE (LSR BIT 1) | 


PE (LSR BIT 2) 
ЕЕ (LSR ВП 3) ) 2 


BI (LSR BIT 4) 
ELSI (IER BIT 1) 
DOTS (МӘН ВП 0) 
DDSR (MSR ВП 1) 
TERI (MSR BIT 2) ) > 
DDCD (MSR BIT 3) 
EDSSI (IER BIT 3) 


INTERRUPT ENABLE (MCR BIT 3) 





Figure 3. Interrupt Control Logic 
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Register 
Mnemonic 


(Read Only) it. i i i i i i Bit 0 


THR 


(Write Only) 


DLL 


DLM 


ЈЕВ 


НВ 


(Read Only) 


LCR 


(EPS) 
Even 

Parity 
Select 


Loop 


(THRE) (ВІ) 
Transmitter Break 

Holding Interrupt 

Register 

Empty 


(DSR) 
Data 
Ready 
Set 


Bit 5 


*LSB Data ВИ О is the first bit transmitted or received. 
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Bit 3 
Bit 3 
Bit 11 


(EDSSI) 
Enable 

Modem 
Status 


Interrupt. 


(PEN) 
Parity 
Enable 


(FE) 
Framing 
Error 


(DDCD) 
Delta 
Data 

Carrier 

Detect 


Bit 3 


Bit 2 
Bit 2 
Bit 10 


(ELSI) 
Enable 
Receiver 
Line 
Status 
Interrupt 


Interrupt 
ID 
Bit (1) 


(STB) 
Number 
of Stop 

Bits 


Out 1 


(TERI) 
Trailing 
Edge 
Ring 
Indicator 


Bit 2 


Bit 1 
Bit 1 
Bit 9 


(ETBEI) 
Enable 
Transmitter 
Holding 
Register 
Empty 
Interrupt 


Interrupt 
ID 
Bit (0) 


(WLSB1) 
Word 
Length 
Select 
Bit 1 


(RTS) 


Overrun 
Error 


(DDSR) 
Delta 
Data 

Set 
Неаду 


Ви 1 


(LSB)* 


Data 
Bit O 


Bit 0 
Bit 8 


(ERBF!) 
Enable 
Received 
Data 
Available 
Interrupt 


“0” 1 Е 
Interrupt 
Pending 


(WLSBO) 
Word 
Length 
Select 
Bit 0 


(DTR) 
Data 
Terminal 
Ready 


(DR) 
Data 
Ready 


(DCTS) 
Delta 
Clear 

to 
Send 


Bit O 
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Table 7. Baud Rates (1.8432 MHz Clock) 


Desired 
Baud Rate 


Desired 
Baud Rate 


Divisor Used 


Divisor Used 


Percent Error 
Difference Between 
Desired and Actual 





Percent Error 
Difference Between 
Desired and Actual 








Table 9. Baud Rates (3.072 MHz Clock) 


Desired Divisor Used Percent Error 
Baud Rate Difference Between 
Desired and Actual 


(d) Real Time Counter 


The real time counter is divided into 4-bit digits with 
2 digits being accessed during any read or write cycle. 
Each digit represents a BCD number and is defined in 
Table 13. Any unused bits are held at a logical zero and 
ignored during a write. An unused bit is any bit not neces- 
sary to provide a full BCD number. For example, tens 
of hours can not legally exceed the number 2, thus only 
2 bits are necessary to define the tens of hours. The other 
2 bits in the tens of hours digit are unused. The unused 
bits are designated in Table 1 as dashes. 


The addressable portion of the counter is from milli- 
seconds to months. The counter itself is a ripple counter. 
The ripple delay is less than 60us above 4.0V and 300us 
at 2.0V. 


RAM 


56 bits of RAM are contained on-chip. These can be used 
for any necessary power down storage or as an alarm 
latch for comparison to the real time counter. The data 
in the RAM can be compared to the real time counter 
on a digit basis. The only digits that are not compared 
are the unit ten thousandths of seconds and tens of days 
of the week (these are unused in the real time counter). 
If the two most significant bits of any RAM digit are 
ones then this RAM location will always compare. 
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Table 10. Reset Control of Register and Pinout Signals 










Interrupt Enable Register Reset All Bits low 
Interrupt Identification Register Reset Bit О is high and Bits 1-7 are low 





COMIRQ Reset High-Impedance 
STB, AFD, SLIN нг” 
му 










Table 11. Parallel Port Registers 


“иеге [7 
месна | 





The RAM is formatted the same as the real time counter. 
4 bits per digit, 14 digits, however there are no unused 
bits. The unused bits in the real time counter will com- 
pare only to zeros in the RAM. 


Interrupts and Comparator | 

There is one interrupt output. The most flexible is the 
RTCIRO OUTPUT (a true high signal). This output can 
be programmed to provide 8 different output signals. 

They are: 10 Hz, 1 Hz, once per minute, once per hour, 
once a day, once a week, once a month, and when a RAM/ 

real time counter comparison occurs. To enable the output 
a one is written into the interrupt control register at the 
bit location corresponding to the desired output frequency 
Once one or more bits have been set in the interrupt 


Write Control 
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Table 13. Real Time Counter Format 


Counter Addressed 


1/10,000 of Seconds (OOH) 
Hundredths and Tenths Sec (ОТН) 
Seconds (О2Н) 
Minutes i (03H) 
Hours | (04H) 
Day of the Week (05H) 
Day of the Month (06H) 
Month . (07H) 


(—) Indicates unused bits 


control register, the corresponding counter's rollover 
to reset state will clock the interrupt status register 
and cause the interrupt output to go high. To reset 
the interrupt and to identify which frequency caused 
the interrupt, the interrupt status register is read. Reading 
this register places the contents of the status register on 
the data bus. The interrupt frequency will be identified 





Cod 
9 
9 
5 
5 
2 
0 
3 
1 


by a one in the respective bit position. Removing the 
read will reset the interrupt. 


The comparator is a cascaded exclusive NOR. 115 output 
is latched 61и5 after the rising edge of the 1KHz clock 
signal (input to the ten thousandth of seconds counter). 
This allows the counter to ripple through before looking 
at the comparator. 


INTERRUPT 


WRITE CONTROL 
ONLY REGISTER 
ADDRESS 


1/MIN 
I/SEC 
IO/SEC 
COMPARE 


I/HOUR 
I/DAY 


| ЛМЕЕК 


ИМОМТН 
INTERRUPT 


REApIC D |C D| C DIC D; C DIC DIC D í C Н STATUS 
REGISTER 
SP ADDRESS 





INTERRUPT 
INTERRUPT] | ботрыт 
LOGIC (АСТІМЕ) 
LOGIC HIGH) 


Figure 4. Interrupt Register Format 
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Table 14. Address Codes and Functions 


raion 











1 
1 


1 
1 
1 
1 
1 
1 
1 
1 


1 


1 


1 1 


1 
1 
1 
1 


1 1 
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А others unused. 





Table 15. Counter and Latch Reset Format 


Counter or Latch Reset 


D6 


~ 


07 







Thousandths of Seconds 


For Counter Reset А4- АО Must be 10010 | 
For Latch Reset А4-АО Must Ве 10011 


1 


1 
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For operation at less than 4.0V, the thousandth of seconds 
counters should not be included in a compare because 
of the possibility of having a ripple delay greater than 
6lus. (For output timing see interrupt timing). 


Tables 14 and 15 are referred for the address input codes 
and functions and for the counter and latch reset format. 


Power Down Mode 


The POWER DOWN input is essentially a second chip 
select. It disables all inputs and outputs. When this input 
is at a logic zero, the device will not respond to any 
external signals. (The programming must be done before 
the POWER DOWN input goes to a logic zero). When 
switching Мрр to the standby or power done mode, 
the POWER DOWN input should go to a logic zero at 
least 1и5 before Vpp is switched. When switching Урр 
all other inputs must remain between Усс-0.ЗУ and 
Уро + 0.3V. When restoring Мрр to the normal operat- 
ing mode, it is necessary to insure that all other inputs 
are at valid levels before switching the POWER DOWN 
input back to a logic one. These precautions are neces- 


sary to insure that no data is lost or altered when chang- 
ing to or from the power down mode. 


Counter and RAM Resets: Go Command 


The counter's and RAM can be reset by writing all 1's 
(FF) at addresses 12H or 13H respectively. 


A write pulse at address 15H will reset the thousandths 
hundredths, tenths, units and tens of seconds counters. 
This GO command is used for precise starting of the clock. 
the data. on the data bus is ignored during the writing. 
If the seconds counter is at a value greater than 39. When 
the: GO is issued the minute counter will increment: other- 
wise the minute counter is unaffected. This command 
is not necessary to start the clock but merely a convenient 
way to start precisely at a given minute. 


(e) GAME PORT: 
Game: 201 


МО Write: 


___ Function — 
асесввор А Paddie Coordinate 

НЕ B Paddle Coordinate 

ГЕП ЕЕ Род Coordinate — — 
| || | ||| | D Paddle Coordinate | 
[Status oF APadale Buron — 
|| Stens of B Peddie Baton — 
Е 
E 






НЭЭ P ° 










. Status of С Paddle Button 
Status of D Paddle Button 





. Status Bit 


The status bit is provided to inform the user the clock 
is in the process of rolling over when a counter is read. 
The status bit is set if this 1 KHz clock occurs during or 
after any counter read. This tells the user that the clock 
is rippling through the real time counter. Because the 
clock is rippling, invalid data may be read from the counter. 
|| the status bit is set following a counter read, the counter 
should be read. 


The status bit appears on DO when address 14H is read. 
АП the other data lines will be zero. The bit is set when 
a logical one appears. This bit should be read every time 
a counter read or after a series of counter reads are done. 
The trailing edge of the read at address 14H will reset 
the status bit. 


Oscillator 


The oscillator is the standard parallel resonant oscillator. 
Externally, 2 capacitors, a 20M Ohm resistor and the 
crystal are required. The 20M Ohm resistor is connected 
between X1 and X2 to bias the internal inverter in the 
linear region. For micropower crystals a resistor in series 
with the oscillator output may be necessary to insure 
the crystal is not overdriven. This resistor should be app- 
roximately 200K Ohms. The capacitor values should 
be typically 300pF. The crystal frequency is 32,768 Hz. 


The oscillator input can be externally driven, if desired. 
In this case the output should be left floating and the 
input level should be within 0.3V of the supplies. 


Test Mode 


The test mode is merely a mode for production testing. 
It allows the counters to count at a higher than normal 
rate. In this mode the 32 KHz oscillator input is connect- 
ed directly to the ten thousandths of seconds counter. 
The chip select and write lines must be low and the address 
must be held at 1 FH. 


ПО Read: 
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Absolute Maximum Ratings * *Comments 
Operating Temperature ............... 0°C to 70°C Stresses above those listed under "Absolute Maximum 
Storage Temperature.............. BB C46 150°C Ratings" may cause permanent damage to the device. 


These are stress ratings only. Functional operation of 


О а аа аа ПУНИ this device at these or any other conditions above those 
All Input Voltages ................. —0.5V to +7М indicated in the operational sections of this specification 
Supply Voltage Veg ................... БУ + 10% is not implied and exposure to absolute maximum rating 

conditions for extended periods may affect device re- 
Power Dissipation ........................ 0.5W liability. 


DC Electrical Characteristics (Т, =0°C to 70 C) | 





Supply Voltage 


ЕСЕ 
[ws ШЕСІ БЕНЕН ЕТІН 
ШЕТЕН 
BONN T ЖЕБЕСІН 
ШЕГЕН 





Input High Voltage 


Output Low Voltage 











Output High Voltage 











RESET, CLKIN 
RTCCSO(1), COMCS 
LPTCSO(1) 





Schmitt Trigger Hysteresis 









Power Supply Current 





AC Characteristics (T, = 0°C to 70°C, Vec = 5V + 10%) 


Input Requirement 


Parameter 
. ТОМ Delay Time from Address 


Address Hold Time from IOW 





Output Response 


Eg tuz Data Floating Time from IOR | mM 
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AC Characteristics (Continued) 


| ° | = | Set Interrupt Delay Time from Stop Bit п 
10 Reset Interrupt Delay Time from RD 
“RINT RBR/LSR 
Transmit Start Delay Time from Initial INTR ЕП 








| . 1 
Set Interrupt Delay Time from Initial write 16 
Set Interrupt Delay Time from Stop Bit 


| 15 | св | Reset Interrupt Delay from RD IIR 


5! 
ТІ 
| 16 | моо MODEM Output Delay Time от МА MCR | | 
7 Set Interrupt Delay Time from MODEM 
| SIM Input 
| 18 | шм Reset Interrupt Delay Time from RD MSR ARR 
19 ( Parallel Port Delay Time from 
PPW WR PDR or PCR 
Set Interrupt Delay Time from ACK ШЕ 


21 қ Game Command Delay Time from RD/WR 
GMRW Game Port 


Timing Waveforms 






Write Cycle Timing 


АО ~ A9 


tAW МА 


1 їн 
05 
а 2-23----- 


Read Cycle Timing 


AO ^ AQ 





а C е 
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Timing Waveforms (Continued) 













SIN 
(RECEIVER 


INPUT 
DATA) a 


SAMPLE 
CLK 


COMIRQ 
(DATA 
READY OR 
RCVRERR) 


DATA BITS (5-8) 





— 


{OR 


(READ REC 

DATA 
BUFFER OR 
READ LSR) 


Transmitter Timing 


SERIAL 
OUT (SOUT) PARITY 


сомво 
(THRE) 
TOW 

(WR THR) 


IOR 
(RD НА) 





Modem Timing 


IOW 
(WR MCR) 


'MDO 'MDO 


RTS, DTR 


CTS, DSR, DCD 


COMIRQ 


[ОВ 
(RD MSR) tsim tRIM Там 
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Timing Waveforms (Continued) 








PARALLEL PORT TIMING 


‘pew Трруу - 
PDO ~PD7 
STB, AFD 
SLIN, INIT 


| | ЧАК АҚ 


LPTIRQ 


_ ** Outputs of STB, AFD, SLIN and INIT are pulled up by 1K ohms resisters. 


Game Port Timing 


IOW/IOR 


xxr o. tGMRW 'GMRW 
GAMERD, 
GAMEWR 
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5езачда ЕР) 


рчу ОЛ 
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113539 ©! 13518 1 ez 13538- 
1HOd3A ОН = Маза " 
= ma nv = 7926164 
6,218: Ж1 Эр12 ЕС ЗПЛУЛ 71 aue 
v 7 1 023 
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200 015 20: «А 1 
О а 
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UM82450 


 Asynchronous Communication 


Element (ACE) 





Features 


m Adds or deletes standard asynchronous communication 
bits (start, stop, and parity) to ог Кота serial data 
stream 


в Full double buffering eliminates the need for precise 
synchronization | 
Ш Independently controlled transmit, receive, line status, 


and data set interrupts 

Programmable baud rate generator allows division of 
any input clock by 1 to 216.1 and generates the 
internal 16x clock 


B independent receiver clock input 

Ш Modem contro! functions (CTS, RTS, DSR, DTR, 
RI, and DCD) 

m Single +5 volt power supply 

m 


TRI-STATE TTL Drive capabilities for bidirectional 


General Description 

UM82450 is a programmable Asynchronous Communica- 
tion Element (ACE) chip fabricated using the Si-Gate 
NMOS process. The UM82450 is an improved version 
of the UM8250. It performs serial-to-parallel conversion 
on data characters received from a peripheral device or 
a modem, and parallel-to-serial conversion on data 
characters received from the CPU. The CPU can read 


Pin Configurations 












Do {1 40 L.] Yoo 
Dy L 12 39 Г] RI 
021 13 з8 | | DCD 
Оз | 14 37 | | DSR 
О4 | |5 36 | | CTS 
05116 35 | ] MR 
De [_}7 34 | | OUT1 
0. Гв зз) DTR 
RCLK Г 9 32 {_] RTS 
SIN С 10 31 Г] OUT2 
sour С 11 30] | INTRPT 
С50| 112 291 | МС 
сѕ1[ | 13 28] ] ^o 
С521 414 271 JA; 


BAUDOUT[ 115 
XTAL1[ 1 16 
XTAL2| | 17 
DOSTR Ц] 18 
DOosTR[| 119 

Vssl 120 
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data bus and control bus. 
m Fully programmable serial-interface characteristics 
— 5-, 6-, 7-, ог 8-bit characters 
Even, odd, or no-parity bit generation and detection 
— 1-,1%-, or 2-stop bit generation 
— Baud rate generation (DC to 56k baud) 
False start bit detection 
Complete status reporting capabilities 
Easily interfaces to most popular microprocessors 
Line break generation and detection 
Internalidiagnostic capabilities 
- Loopback controls for communications link fault 
isolation 
— Break, parity, overrun, framing error simulation 
в Fully prioritized interrupt system controls 


| 


the complete status о the АСЕ at any time during 
functional operation. It also includes a programmable 
baud rate generator that is capable of dividing the timing 
reference clock input by divisors of 1 to 216 - 1, and 
producing a 16x clock for driving the internal transmitter 
logic. 





Ds ОШ зо |] мн 
De С| в 38 | | OUT 1 
О) [19 37 | | OTR 
сік | | 36 | | RTS 
SIN [| 35| | OUT2 
N.C. Ü | UM82450 34[ | N.C 
SOUT [ | 33 || INTRPT 
cso | | 32 ] мс 
СӘТІ 3111 Ао 
С52 | | зо ] ^i 
SAUDOUT (| 29 | | A; 














© сащ | им82450 


Block Diagram 





INTERNAL 
DATA BUS 


RECEIVER 


RECEIVER 
BUFFER SHIFT SIN 


REGISTER REGISTER 
LINE RECEIVER 
TIMING 
CONTROL & RCLK 
REGISTER CONTROL 
DIVISOR 
LATCH (LS) 
Bere BAUDOUT 


DATA 


07-00 Чан, ви5 


ВОҒҒЕН 






























































































Аз СЕМЕНАТОВ 
DIVISOR 
CSO LATCH (MS) 
сет 
С52 
ABS SELECT 
5. à TRANSMITTER 
is CONTROL LINE 
DISTR зас STATUS & 
DISTR 5 REGISTER CONTROL 
DOSTR 
DOSTR 
DDIS 
CSOUT TRANSMITTER TRANSMITTER | 
HOLDING SHIFT SOUT 2 
ко v 
мэ REGISTER REGISTER Cz 
XTAL2 | съ 
o 2 
— Q 
TS 0. 
CONTROL EIS 
REGISTER STE 
CONTROL PoR: 
DCD 
STATUS Ri 
REGISTER OUTI 
бот? 
INTERRUPT NELLE 
ЕНЕГЕ CONTRO | 
REGISTER L NTRPT 


LOGIC 


INTERRUPT 
ID 
REGISTER 
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Absolute Maximum Ratings* *Comments 

Temperature Under Bias ............. 0°C to *70?C Stresses above those listed under "Absolute. Maximum 

storage Тетрегашге............. —65?C to +150°С Ratings" may cause permanent damage to the device. 

All Input or Output Voltages with These are stress ratings only. Functional operation of 
Respect їо Ме ............... —0.5V to +7.0V this device at these or any other conditions above those 

Power Dissipation.................... 22700 mw indicated in the operational! sections of this specification 


is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. ` 


DC Electrical Characteristics 
Ta = 0°C to +70°C, Мрр = +5V + 5%, Vas = OV, unless otherwise specified. 









Input Low Voltage 


2.0 
| Ун | Input High Voltage 2.0 


VoL Output Low Voltage lo, = 1.6mA оп all* КЕК 
Van Output High Voltage loL = —1.0mA* |024 | 
Ісс (AV) 


Vcc = 5.25У, ТА = 25°С 
120 
NA 


No Loads on output 
| E 


ЕСТІ 









Ауа Power Supply Current (Усс) 







CTS, RI = 2.0V 
АП other inputs = 0.8V 


Vcc = 5.25V, Vss = ОМ 
АП other pins floating. 
VIN = 0V, 5.25V 


Vcc -5.25У, Vss = OV 
Моот = OV, 5.25% 

1) Chip deselected 

2) WRITE Mode, chip 
selected 














Input Leakage 
Clock Leakage 


TRI-STATE Leakage 
































MR Schmitt Vj, 
MR Schmitt Мүн 


* Does not apply to XTAL 2 


2. 


SIN, DSR, RLSD, 
| 








Capacitance 
ТА = 25°С, Усс = Veg = OV 


Clock Input Capacitance 
Clock Output Capacitance 
Input Capacitance 

Output Capacitance 














ТЕ = 1 МН? 


· Unmeasured pins 
returned to Ves 
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AC Characteristics 
TA = 0O?C to b 70°С, Мор = +5V + 5% 


Symbol Parameter 
tAW Address Strobe Width 
tAS Address Setup Time 
ТАН Address Hold Time 
1С5 Chip Select Setup Time 


3 


2 
o 


2 
ө 





tDIW DISTR/DISTR Strobe Width 

tRC Read Cycle Delay 

RC Read Cycle = ТАҢ” + tDIW + tRC 
tDD DISTR/DISTR to Driver Disable Delay 


tDDD | Delay from DISTR/DISTR to Data € 100 pF loading - | 125 | ~ 
tHz | DISTR/DISTR to Floating Data Delay € 100pFloading*** | о | 100 


tDOW | DOSTR/DOSTR Strobe Width ИКЕ Леа 
WC | Write Cycle Delay 1 


WC Write Cycle = tAW + {РОМ + МС 


о 





> 
N 
Or 
2 
o 


212 2 [2 








Q 
о 
o 
2 


2 
72 


2 


трн Data Hold Time 
tCSC* | Chip Select Output Delay from Select | @100pF loading | | 100 
tRA* | Address Hold Time from DISTR/DISTR 
tRCS* | Chip Select Hold Time from DISTR/DISTR 
tAR* DISTR/DISTR Delay from Address 
tCSR* | DISTR/DISTR Delay from Chip Select 


Шог НИ КЕРЕ 

зы ы С 

Шог СЕ 

CEP AREE ККЕ 

"WA* | Address Hold Time from DOSTR/DOSTR | | | | 
А S 2 

Сга 20 

Wes s асна ЖИЕ 

Paes s s | pni 

i 


(> 


о 109 





2 
[77] 





=> 
e 


tWCS* | Chip Select Hold Time from DOSTR/DOSTR 
DOSTR/DOSTR Delay from Address 
DOSTR/DOSTR Delay from Select 

Master Reset Pulse Width 

UXH Duration of Clock High Pulse External Clock (3.1 MHz Max.) 
XL Duration of Clock Low Pulse 


Baud Generator 
Baud Divisor 


Baud Output Negative Edge Delay 100 pF Load | 125: | ns 
tBHD | Baud Output Positive Edge Delay 100 pF Load peu 


tiw Baud Output Down Time fx = 2MHz, = 2, 100 pF Load 


tHW Baud Output Up Time fx = 3MHz, = 3, ТОО pF Load 330 (ШІ 





tAW* 
tcsw* 
tMRW 


© 
С 
« 
О 
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Peripherals 


ы 
e 





m 
х 
~ 
Ф 
~ 
5 
= 
О 
О 
о 
О 
© 
— 
= 
3. 
х 
< 
0) 
2 
e 


р 

- 

М 
— ші 
мә 9 
сл | 

— 
> 


‘BLD 


nin 


Receiver 
tSCD 


tSINT 


Delay from RCLK to Sample Time и 


1 1 RCLK** 
Cycles 
Delay from DISTR/DISTR 
(RD RBR/RDLSR) to Reset Interrupt 100 pF Load шин Hs 


* Applicable only when ADS is tied low. 
**RCLK is equal to tXH and tXL. 
*** Charge and discharge time is determined by VoL, Мон and the external loading. 


N 
Е 


Delay from Stop to Set Interrupt 


tRINT 
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AC Characteristics (Continued) 


Symbol NNNME.. ЖИН ИШ ИЕН 


Transmitter 


| Delay from DOSTR/DOSTR (WR THR) 
t 
ү © Delay from Initial INTR Reset to RCLK 
Transmit Start Cycles 
un . RCLK 
15| Delay from Initial Write to Interrupt 16 Gucles 
RCLK 
Delay from DISTR/DISTR (RD IIR) 
ÉE EE to Reset Interrupt (THRE) 100 pF Load |o [om 


Modem Control 


Delay f DOSTR/DOSTR (WR MCR 
to Output 
tSIM Delay to Set Interrupt from MODEM Input 100 pF Load on 


Delay to Reset Interrupt from DISTR/ 
t 
DISTR (RD MSR} IO er heed 


Timing Waveforms 























4) e o 





2 


EXTERNAL CLOCK ІМРОТ (3.1 MHz MAX.) AC TEST POINTS 


RES DL 





BAUDOUT TIMING 


jeep quee 


tBHD > | 
tBLD — F — F tHWw 


BAUD OUT 
>| |“- тво tHW 
BAUD OUT 
(= 2) 
tBLD Аим 
«+ ен ем 
BAUD OUT 
(+3) чыр 


— je- — +--вно |е tL w ом = (М-2) ХТА 1 CYCLES 


BAUD OUT | | | | 


(N.N 3) 
ЦМ = 2 XTAL1 CYCLES 
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Timing Waveforms (Continued) 


= F— taw — т | 


F-tAS-- |“- ТАН 








WRITE CYCLE 





| ass 
Аз, Ај, AQ VALID | X 


| 68 ы |-— ‘сн | twas 


CS2, CS1, CSO | = 0 
| |-— tesc” —=] - >| мс" 


“а ша == рна = ашы AA ань ано ста, 






CSOUT 


| Il ———tcsw* 
tAW* 
DOSTR/DOSTR x= NN ACTIVE 


ОВ 


== | — X 
DISTR/DISTR | ACTIVE 


105 Е-----і Трн 


РАТА 
бо-О7 — dr) — DATA 


^ *Applicable Only When ADS is Tied Low. 











READ CYCLE 


2 | taw — | 





WwW 

F—<tas—| | ТАН | Sr 
X м 

8-4 [сн | tna “Ж 





Ez, csi, coo ль XK] 
I — ays 


= ped 
tD м tRC — 

DISTR/DISTR X active X à ACTIVE 
24222 U 
DOSTR/DOSTR | | АСТІМЕ 

o ———————————— а таа = 
= tps F^ top 
DDIS у / 
'DDD — |-— 1н2 
Do-D7 DATA 


* Applicable Only When ADS is Tied Low. 
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Timing Waveforms (Continued) 
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RECEIVER TIMING 


RCLK | | | | 
lae 5 CLKS e ЗЕРЕ РВ tscD 


SAMPLE CLK 


SIN 
(RECEIVER START DATA 811$ (5-2) (рат) 5ТОР 
INPUT 


DATA) 


SAMPLE | 
CLK = 


INTERRUPT 
(DATA READY OR 
RCVR ERR) 
| tRINT | 
DisTR/OIsTR © 
(READ RÉC 


DATA BUFFER | X active } 4 
OR ВОЗА) 


TRANSMITTER TIMING 


URS «—— 'STI 


INTERRUPT 
(THRE) 


tHR ЭР | 
|-— ts] 
DOSTR/DOSTR (1) 

(WR THR} | | 


Es — 
DISTR/DISTR (2) 
(RD UR} 


МОРЕМ CONTROL ТІМІМС 


DOSTR/DOSTR (1) | 
(WR MCR) | : 








'MDO 





INTERRUPT / \ | / \ / 
tRIM TRIM 
TSIM =| stein 2 TSIM 
DISTR/DISTR (2 / \ / \ 


(RD MSR) 


at \ / 
Note: 1. See Write Cycle Timing 
2. See Read Cycle Timing 
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Pin Description 





Input Signals 


Chip Select (CSO, С51, CS2), Pins 12-14: When CSO and 
CS1 are high and CS2 is low, the chip is selected. Chip 
selection is complete when the decoded chip select signal 
is latched with an active (low) Address Strobe (ADS) input. 
This enables communication between the ACE and the 
CPU. 





Data Input Strobe (DISTR, DISTR), Pins 22 and 21: When 

DISTR is high or DISTR is low while the chip is selected, it 
allows the CPU to read status information or data from a 
selected register of the ACE. Only an active DISTR or 
DISTR input is required to transfer data from the ACE 
during a read operation. Therefore, tie either the DISTR 
input permanently low or the DISTR Input permanently 
high, if not used. 





Data Output Strobe (DOSTR, DOSTR), Pins 19 and 18: 
The DOSTR is high or DOSTR is low while the chip is 
‘selected, which allows the CPU to write data or control 
words into a selected register of the ACE. Only an active 
DOSTR ог DOSTR input is required to transfer data to 
the ACE during a write operation. Therefore, tie either 
the DOSTR input permanently low or the DOSTR input 
permanently high, if not used. 








| Address Strobe (ADS), Pin 25: When this is low,it provides 

-latching for the Register Select (Ag, Ai, Az) and Chip 
Select (CSO, CS1, CS2) signals. An active ADS input is re- 
quired when the Register Select (Ag, А), А») signals are 
not stable for the duration of a read or write operation. И 
not required, tie the ADS input permanently low. 








Register Select (A2, А), Ao), Pins 26-28: These three 
inputs are used during а read or write operation to select 
an ACE register to read from or write to as indicated 
‚п Table 1. The DLAB must be set high by the system 
. Software to access the Baud Generator Divisor Latches. 


Master Reset (MR), Pin 35: This input is buffered with 
a TT L-compatible Schmitt Trigger with O.5V typical 
hysteresis. When high, it clears all the registers (except 
the Receiver Buffer, Transmitter Holding, and Divisor 
Latches), and the control logic of the ACE. Also, the state 
of various output signals (SOUT, INTRPT, OUT 1, OUT 2, 
RTS, DTR) are affected by an active MR input. (Refer 
to Table 2) 





‘Receiver Clock (RCLK), Pin 9: This input is the 16 x 
baud rate clock for the receiver section of the chip. 


Serial Input (SIN), Pin 10: Serial data input from the com- 


munications link (peripheral device, MODEM, ог data set). 


‘Clear to Send (CTS), Pin 36: The CTS signal isa MODEM 
contro! function input whose conditions can be tested 





UM82450 


by the CPU by reading bit 4 (CTS) of the MODEM Status 
Register. Bit O (DCTS) of the MODEM Status Register 
indicates whether the CTS input has changed state since 
the previous reading of the MODEM Status Register. CTS 
has no effect on the Transmitter. Whenever the CTS bit 
of the MODEM Status Register changes state, an interrupt 
5 generated if the MODEM Status Interrupt is enabled. 


ГС Ст — n — 


Receiver Buffer (read), Transmitter 





















0 01010 Holding Register (write) 
0 01011 | Interrupt Enable 
X 01110 | Interrupt Identification (read only) 
X 01111 | Line Control 
X 11010 | MODEM Control 
X 11011 | Line Status 
Х 11110 | MODEM Status 
X 11111 | Scratch 
21 01010 | Divisor Latch (least significant byte) 
1 01011 | Divisor Latch (most significant byte) 


Table 1. Register address 


Data Set Ready (DSR), Pin 37: When low, this indicates 
that the MODEM or data set is ready to establish the com- 
munications link and transfer data with the ACE. The DSR 
signal is a MODEM- control function input whose condition 
can be tested by the CPU by reading bit 5 (DSR) of the 
MODEM Status Register. Bit 1 (DDSR) of the MODEM 
Status Register indicates whether the DSR input has 
changed state since the previous reading of the MODEM 
Status Register. Whenever the DSR bit of the MODEM 
Status Register changes state, an interrupt is generated if: 
the MODEM Status Interrupt is enabled. 


. Data Carrier Detect (ОСО), Pin 38: When low, this in- 


dicates that the data carrier has been detected by the MO- 
DEM or data set. Тһе DCD signal is a MODE-control func- 
tion input whose condition can be tested by the CPU by 
reading bit 7 (DCD) of the MODEM Status Register. Bit 





З (ООСО) of the MODEM Status Register indicates whe- | 





ther the DCD input has changed state since the previous 


reading of the MODEM Status Register. DCD has no 


effect on the receiver. Whenever the DCD bit of the MO- 
DEM Status Register changes state, an interrupt is generat- 
ed if the MODEM Status Interrupt is enabled. 


Ring Indicator (RI), Pin 39: When low, it indicates that a 


telephone ringing signal has been received by the MODEM 
or data set. The RI signal is a MODEM-control function 
input whose condition can be tested by the CPU by reading 
bit 6 (RI) of the MODEM Status Register. Bit 2 (TERI) 
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of the MODEM Status Register indicates whether the НІ 


input has changed from a low to a high state since the 
previous reading of the MODEM Status Register. Whenever 
the RI bit of the MODEM Status Register changes from a 
high to a low state, an interrupt is generated if the MODEM 
Status Register is enabled. 


Vpp, Pin 40: +5V supply. 


Vss, Pin 20: Ground (OV) reference. 


Output Signals 


Data Terminal Ready (DTR), Pin 33: When low, this in- 
. forms the MODEM ог data set that the ACE is ready to 
communicate. The DTR output signal can be set to an ac- 
tive low by programming bit 0 (DTR) of the MODEM Con- 
trol Register to a high level. The DTR signal is set high 
upon a Master Reset operation. The DTR signal is forced to 
its inactive state (high) during loop mode operation. 


Request to Send (RTS), Pin 32: When low, this informs the 
MODEM or data set that the ACE is ready to transmit 
data. The RTS output signal can be set to an active low 
by programming bit 1 (RTS) of the MODEM Control 
Register. The RTS signal is set high upon a Master Reset 
operation. The RTS signal is forced to its inactive state 
(high) during loop mode operation. 





Output 1 (OUT 1), Pin 34: This isa User-designated output 
that can be set to an active low by programming bit 2 (OUT 
1) of the MODEM Control Register to a high level. The 
OUT 1 signal is set high upon a Master Reset Operation. 
The OUT 1 signal is forced to its inactive state (high) during 
loop mode operation. 





Output 2 (OUT 2), Pin 31: This is a User-designated output 
that can be set to an active low by programming bit 3 (OUT 
2) of the MODEM Control Register to a high level. The 
OUT 2 signal is set high upon a Master Reset Operation. 
The OUT 2 signal is forced to its inactive state (high) during 
loop mode operation. 








Chip Select Out (CSOUT), Pin 24: When high, indicates 
that the chip has been selected by active, CSO, CS1, and 
CS2 inputs. No data transfer can be initiated until the 


CSOUT signal is а logic 1. CSOUT goes low when the 
chip is deselected. 


Driver Disable (DDIS), Pin 23: This goes low whenever the 
CPU is reading data from the ACE. A high-level DDIS 
output can be used to disable an external transceiver (if 
used between the CPU and ACE on the D;—Do Data Виз) 
at all times, except when the CPU is reading data. 


Baud Out (BAUDOUT), Pin 15: This is a 16x clock signal 
for the transmitter section of the ACE. The clock rate is 
equal to the main reference oscillator frequency divided by 
the specified divisor in the Baud Generator Divisor Latches. 


Serial Output (SOUT), Pin 11: 





The BAUDOUT may also be used for the receiver section 
by tying this output to the RCLK input of the chip. 


Interrupt (INTRPT), Pin 30: Goes high whenever any one 
of the following interrupt types has an active high condi- 
tion and is enabled via the IER: Receiver Error Flag; 
Received Data Available; Transmitter Holding Register 
Empty and MODEM Status. The INTRPT signal is reset 
low upon the appropriate interrupt service or a Master 
Reset operation. 


Composite serial data 
output to the communications link (peripheral, MODEM 
or data set). The SOUT signal is set to the Marking (logic 
1) state upon a Master Reset operation. 


Input/Output Signals 


Баға (07—00) Bus, Pins 1-8: This bus comprises eight 
 TRI-STATE input/output lines. The bus provides bidirec- 
tional communications between the ACE and the CPU. 


Data, control words and status information are transferred 
via the D7—Dg Data Bus. 


External Clock Input/Output (XTAL 1, XTAL 2), Pins 16 
and 17: These two pins connect the main timing reference 
(crystal or signal clock) to the ACE. 


Programmable Registers 


The system programmer may access or control any of 
the ACE registers summarized in Table 3 via the CPU. 
These registers are used to control ACE operations and to 
transmit and receive data. 


Line Control Register 


The system programmer specifies the format of the asyn- 
chronous data communications exchange via the Line 
Control! Register. іп addition to controlling the format, 
the programmer may retrieve the contents of the Line 
Control Register for inspection. This feature simplifies 
system programming and eliminates the need for separate 
storage in system memory of the line characteristics. 
The contents of the Line Control Register are indicated 
in Table 3 and are described below. 


Bits O and 1: These two bits specify the number of bits 
in each transmitted or received serial character. The 
encoding of bits O and 1 is as follows: 
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‘Bit 2: This bit specifies the number of Stop bits in each 
transmitted character. If bit 2 is a logic O, one Stop bit 
is generated in the transmitted data. If bit 2 is a logic 1 
when a 5-bit word length is selected via bits O and 1, one 
and a half Stop bits are generated. If bit 2 isa logic 1 when 
either a 6-, 7-, or 8-bit word length is selected, two Stop 
bits are generated. The Receiver checks the first Stop-bit 
only, regardless of the number of Stop bits selected. 


Bit 3: This bit is the Parity Enable bit. When bit 3 isa 
logic 1, a Parity bit is generated (transmit data) or checked 
(receive data) between the last data word bit and Stop bit 
of the serial data. (The Parity bit is used to produce 
an even or odd number of 1s when the data word bits and 
the Parity bit are summed.) 


“Ви 4: This bit is the Even Parity Select bit. When bit З isa 
logic 1 and bit 4 is a logic O, an odd number of logic 1s 
is transmitted or checked in the data word bits and Parity 
bit. When bit 3 is a logic 1 and bit 4 is a logic 1, an even 
number of logic 1s is transmitted or checked. 


Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and 
`5 are logic 1s the Parity bit is transmitted and checked by 


the receiver as a logic O. If bits 3 and 5 are 1s and bit 4 
is a logic O then the Parity bit is transmitted as a O. 


Table 2. ACE Reset Functions 














. All Bits Low 
Interrupt Enable Register Master Reset (0 - 3 forced and 4 - 7 permanent) 
SOM I ; Bit O is High, Виз 1 and 2 Low 
Interrupt Identification Register Master Reset Bits 3 < 7 are Permanently Low 


Line Control Register All Bits Low 
MODEM Control Register All Bits Low 


| All Виз Low, 


| 
n 


‘Bit 6: This bit is the Break Control bit. When it is set to 


a logic 1, the serial output (5ООТ) is forced to the Spacing 
(logic O) state. The break is disabled by setting bit 6 to 
a logic O. The Break Cóntrol bit acts only on SOUT and 
has no effect on the transmitter logic. 


Note: This feature enables the CPU to alert a terminal in 

a computer communications system. If the following 

sequence is followed, no erroneous or extraneous characters 

will be transmitted because of the break. 

1. Load an all Os, pad character, in response to THRE. 

2. Set break after the next THRE. 

3. Wait for the transmitter to be idle, (ТЕМТ = 1), and 
clear the break when normal transmission has been 
restored. 

During the break, the Transmitter can be used as a charac- 

ter timer to accurately establish the break duration. 


Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It 
must be set high (logic 1) to access the Divisor Latches of 
the Baud Generator during a Read or Write operation. It 
must be set low (logic O) to access the Receiver Buffer, 
the Transmitter Holding Register, or the Interrupt Enable 
Register. 















Bits0- 3 Low 
Bits 4 - 7 — Input Signal 











High 
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Table 3. Summary of Accessible Registers 








Register Address 





Data Bit O* 


Holding 
Register 
(Write 


Data Bit O 


Data Bit 1 


Data Bit 2 


Data Bit 3 


Data Bit 4 


Data Bit 5 


Data Bit 6 


Data Bit 7 











Interrupt 
Enable 


Enabie 
Received 
Data 
Available 
Interrupt 
(ЕНВҒІ) 


Enable 
Transmitter 
Holding 
Register 
Empty 
Interrupt 
(ETBEI) 


Enable 
Receiver 
Line 
Status 
Interrupt 
(ELSI) 


Enable 
MODEM 
Status 
Interrupt 
(EDSSI) 


MODEM 
Control 
Register 


Terminal 
Ready 
(DTR) 










Interrupt 
Pending 


(WL 
Word 
Length Request 
Select to Send 
Bit 1 (RTS) 
(WLS1) 

















Number 
of Stop 
Bits 

(STB) 





Parity 
Enable 
(PEN) 

















Stick 
Parity 


Divisor 
Latch 














Bit 
(DLAB) 





Line 
Status 
Register 


















Overrun 
Error 
(OR) 


Parity 
Error 
(PE) 


Framing 
Error 
(FE) 






Break 
interrupt 
(B1) 


Transmitter 
Holding 


. Register 


(THRE) 


Transmitter 
Empty 
(TEMT) 








* Bit O is the least significant bit. It is the first bit serially transmitted or received. 
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Status 
Register 










Delta 
Clear 
to Send 
(DCTS) 


Delta 
Data 
Set 
Ready 
(DDSR) 


Trailing 
Edge 
Ring 

Indicator 

(TERI) 














Delta 
Data 
Carrier 
Detect 


Clear to 
Send 
(CTS) 


Ring 
Indicator 
(RI) 


Data 
Carrier 
Detect 
(DCD) 








(DDCD) 














Reg- 
ister 


Віто 


Вії 1 


Вії 2 


Bit 3 


Bit 4 


Bit 5 


Bit 6 


Bit 7 





Bit 2 





| 
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Programmable Baud Generator 





The ACE contains a programmable Baud Generator that is 
capable of taking any clock input (DC to 3.1 MHz) and 
dividing it by any divisor from 1 їо 216—1. Тһе output 
frequency of the Baud Generator is 16 x the Baud [divisor 
# = (frequency input) + (baud rate x 16)]. Two 8-bit 
latches store the divisor in a 16-bit binary format. These 
Divisor Latches must be loaded during initialization in 
order to ensure desired operation of the Baud Generator. 
Upon loading either of the Divisor Latches, a 16-bit Baud 
counter is immediately loaded. This prevents long counts 
on initial load. 


Tables 4 and 5 illustrate the use of the Baud Generator 
with crystal frequencies of 1.8432 MHz and 3.072 MHz 
respectively. For baud rates of 38400 and below, the error 
obtained is minimal. The accuracy of the desired baud 
rate is dependent on the crystal frequency chosen. Тһе 
maximum operating frequency of the Baud Generator is 
3.1 MHz. However, when using divisors of 3 and below, 
the maximum frequency is equal to the divisor in MHz. 
For example, if the divisor is 1, then the maximum 
frequency is 1 MHz, In no case should the data rate be 
greater than 56k Baud. 


Line Status Register 


This 8-bit register provides status information to the CPU 
concerning the data transfer. The contents of the Line 
Status Register are indicated in Table 3 and are described 
below. | 


Bit 0: This bit is the receiver Data Ready (DR) indicator. 
Bit O is set to a logic 1 whenever a complete incoming 
character has been received and transferred into the Re- 
ceiver Buffer Register. Bit O is reset to a logic O by reading 
the data in the Receiver Buffer Register. 


Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 
indicates that data in the Receiver Buffer Register was not 
read by the CPU before the next character was transferred 


linto the Receiver Buffer Register, thereby destroying ` 


the previous character. The OE indicator is reset whenever 
the CPU reads the contents of the Line Status Register. 


Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 
indicates that the received data character does not have 
the correct even or odd parity, as selected by the even- 
parity-select bit. The PE bit.is set to a logic 1 upon detec- 
tion of a parity error and is reset to a logic O whenever 
the CPU reads the contents of the Line Status Register. 


“ВИЗ: This bit is the Framing Error (FE) indicator. Bit 3 
indicates that the received character did not have a valid 
Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit 


following the last data bit or parity bit is detected as а 


zero bit (Spacing level). The FE indicator is reset whenever 
the CPU reads the contents of the Line Status indicator. 







UMS82450 


Table 4. Baud Rates Using а 1.8432 MHz Crystal 
















Divisor Used 
to Generate 
16 x Clock 


Percent Error 
Difference Between 
Desired and Actual 







Desired 
Baud Rate 


DRIVER 
EXTERNAL 
CLOCK 


OPTIONAL 


OPTIONAL iuc 


CLOCK 
OUTPUT 





Typical Crystal Oscillator Network 
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Table 5. Baud Rates Using 3.072 MHz Crystal Bit 4: This bit is the Break Interrupt (81) indicator. Bit 4 
is set to a logic 1 whenever the received data input is held 
Divisor Used Percent Error in the Spacing {logic 0) state for longer than a full word 
to Generate Difference Between transmission time (that is, the total time of Start bit + 
16 x Clock Desired and Actual data bits + Parity + Stop bits). Тһе ВІ indicator is reset 
whenever the CPU reads the contents of the Line Status 
indicator. Bits 1 through 4 are the error conditions that 
produce a Receiver Line Status interrupt whenever any 
of the corresponding conditions are detected. 





Bit 5: This bit is the Transmitter Holding Register Empty 
(THRE) indicator. Bit 5 indicates that the ACE is ready 
to accept a new character for transmission. In addition, 
this bit causes the ACE to issue an interrupt to the CPU 
when the Transmit Holding Register Empty Interrupt 
enable is set high. The THRE bit is set to a logic 1 when 
a character is transferred from the Transmitter Holding 
Register into the Transmitter Shift Register. The bit 
is reset to logic 0 concurrently with the loading of the 
Transmitter Holding Register by the CPU. 


Bit 6: This bit is the Transmitter Empty (TEMT) indicator. 
Bit 6 is set to a logic 1 whenever the Transmitter Holding 
Register (THR) and the Transmitter Shift Register (TSR) 
are both empty. It is reset to a logic 0 whenever either 
the THR or TSR contains a data character. 





Table 6. Interrupt Control Functions 






















Interrupt identification Interrupt Set and Reset Functions 


Priority Interrupt Interrupt Interrupt 
Level Type Source Reset Control 


None None 


Register 
| | Оуеггип Еггог I 
Or 
Highest Receiver Ki Reading the 
Line Status Framing Error Line Status Register 
Or 
Break Interrupt 
Second Receive Receiver Reading the 
2 Data Available Data Available Receiver Buffer Register 


EBENEN 
Reading the 
IIR Register 
Transmitter Transmitter (if source of interrupt) 
1 Third Holding Register Holding Register Or 
Empty Empty Writing into the 
Transmitter Holding 
Hegister 
Clear to Send | 
МОРЕМ 
0 Fourth eran 


5—200 























































or 
Data Set Ready 








Reading the 


Ring indicator MODEM Status 
2) Register. 
Data Carrier 
Detect 
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Bit 7: This bit is permanently set to logic 0. The Line 
Status Register is intended for read operations only. 
Writing to this register is not recommended as this opera. 
tion is used for factory testing. 


Interrupt Identification Register 


The ACE has an on-chip interrupt capability that allows for 
flexibility in interfacing popular microprocessors presently 
available. In order to provide minimum ‘software overhead 
during data character transfers, the ACE prioritizes inter- 
rupts into four levels. The four levels of interrupt condi- 
tions are as follows: Receiver Line Status (priority 1); 
Received Data Ready (priority 2); Transmitter Holding 
Register Empty (priority 3); and Modem Status (priority 
4). 


Information indicating that a prioritized interrupt is pend- 
ing and the type of that interrupt are stored in the Inter- 
rupt Identification Register (IIR). When addressed during 
chip-select time, the ИВ freezes the highest priority inter- 
rupt pending and no other interrupts are acknowledged 
until the particular interrupt is serviced by the CPU. The 
contents of the ИВ are indicated in Table 3 and are де- 
scribed below. 


‚ВИО: This bit can be used in either a hardwired prioritized 
or polled environment to indicate whether an interrupt is 
pending. When bit O is a logic O, an interrupt is pending 
and the IIR contents may be used as a pointer to the ap- 
propriate interrupt service routine. When bit O is a logic 1, 
no interrupt is pending and polling (if used ) continues. 


Bits 1 and 2: These two bits of the IIR are used to identify 
the highest priority interrupt pending as indicated in Table 
5. 


Bits 3 through 7: 
logic O. 


These five bits of the IIR are always 


Interrupt Enable Register 


This 8-bit register enables the four types of interrupts of 
the ACE to separately activate the chip interrupt (INTRPT) 
output signal. It is possible to totally disable the interrupt 
system by resetting bits O through 3 of the Interrupt Enable 
Register. Similarly, by setting the appropriate bits of 
this register to a logic 1, selected interrupts can be enabled. 
Disabling the interrupt system inhibits the Interrupt 
Identification Register and the active (high) INTRPT 
output from the chip. АН other system functions operate 
in their normal manner, including the setting of the Line 
Status and MODEM Status Registers. The contents of the 
Interrupt Enable Register are indicated in Table 3 and are 
described below. 


. Bit 0: This bit enables the Received Data Available Inter- 
rupt when set to logic 1. 


Bit 1: 


Bit 4: This bit provides а local loopback feature for diagno- 


This bit enables the Transmitter Holding Register 
Empty Interrupt when set to logic 1. 


Bits 2: This bit enables the Receiver Line Status Interrupt 
when set to logic 1. 


Bit 3: This bit enables the MODEM Status Interrupt when 


set to logic 1. 


Bits 4 through 7: These four bits are always logic O. 


MODEM Control Register 


This 8-bit register controls the interface with the MODEM 
or data set (or a peripheral device emulating a MODEM). 
The contents of the MODEM Control Register are indicated 
in Table 3 and are described below. 


Bit 0: This bit controls the Data Terminal Ready (DTR) 
output. When bit O is set to logic 1, the DTR output is 
forced to a logic O. When bit O is reset to a logic O, the 
DTR output is forced to a logic 1. The DTR output of 
the ACE may be applied to an EIA inverting line driver 
(such as the DS1488) to obtain the proper polarity input 
at the succeeding MODEM or data set. 


Bit 1: This bit controls the Request to Send (RTS) output. 
Bit 1 affects the RTS output in a manner identical to that 
described above for bit O. 


Bit 2: This bit controls the Output 1 (OUT 1) signal, which 
is an auxiliary user-designated output. Bit 2 affects the 
OUT 1 output in a manner identical to that described 
above for bit O. 


Bit 3: This bit controls the Output 2 (OUT 2) signal, which 
is an auxiliary user-designated output. Bit 3 affects the 


OUT 2 output in a manner identical to that described 
above for bit O. 


tic testing of the ACE, When bit 4 is set to logic 1, the 
following occurs: the transmitter Serial Output (SOUT) is 


ч 


set to the Marking (logic 1) state; the receiver Serial Input ` 


(SIN) is disconnected; the output of the Transmitter Shift 
Register is “looped back" into the Receiver Shift Register 
input; the four MODEM Control inputs (CTS, DSR, DCD, 
and В!) are disconnected; and the four MODEM Control 
outputs (DTR, RTS, OUT 1, and OUT 2) are internally 
connected to the four MODEM Control inputs, and the 
MODEM Control output pins are forced to their inactive 
state (high). In the diagnostic mode, data that is transmit- 
ted is immediately received. This feature allows the pro- 
cessor to verify the transmit-and received-data paths of 
the ACE. 





In the diagnostic mode, the receiver and transmitter inter- 
rupts are fully operational. The MODEM Control Inter- 
rupts are also operational, but the interrupts' sources are 
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now the lower four bits of the MODEM Control! Register 
instead of the four MODEM Control inputs. The interrupts 
are still controlled by the Interrupt Enable Register. 


Bit 5 through 7: These bits are permanently set to logic 0. 


MODEM Status Register 

This 8-bit register provides the current state of the control 
lines from the MODEM (or peripheral device) to the CPU. 
In addition to this current-state information, four bits 
of the MODEM Status Register provide change information. 
These bits are set to a logic 1 whenever a control input 
from the MODEM changes state. They are reset to logic 
О whenever the CPU reads the MODEM Status Register. 


Accessible Registers 


The contents of the MODEM Status Register are indicated 
in Table Запа are described below. 


.BitO: This bit is the Delta Clear to Send (DCTS) indicator. 
Bit O indicates that the CTS input to the chip has changed 
. state since the last time it was read by the CPU. 


Bit 1: This bit is the Delta Data Set Ready (DDSR) in- 
dicator. Bit 1 indicates that the DSR input to the Chip 
has changed state since the last time it was read by the 
CPU. 


Bit 2: This bit is the Trailing Edge of Ring Indicator 


Typical Application 


SYSTEM BUS 


ите E 
ADDRESS 
DECODER 








(TERI) detector. Bit 2 indicates that the RI input to the 
chip has changed from a low to a high state. 


Bit 3: This bit is the Delta Data Carrier Detect (DDCD) 
indicator. Bit 3 indicates that the DCD input to the chip 
has changed state. Whenever bits 0, 1, 2, or 3 are set to 
logic 1, a MODEM Status Interrupt is generated. 





Bit 4: This bit is the complement of the Clear to Send 
(CTS) input. If bit 4 (loop) of the MCR is set to a 1, this 
bit is equivalent to RTS in the МСА. 


Bit 5: This bit is the complement of the Data*Set Ready 
(DSR) input. If bit 4 of the MCR is set to a 1, this bit is 
equivalent to DTR in the МСН, 


Bit 6: This bit is the complement of the Ring Indicator 
(RI) input. ЈЕ bit 4 of the MCR is set to a 1, this bit is 
equivalent to OUT 1 in the MCR. 


Bit 7: This bit is the complement of the Data Carrier 
Detect (DCD) input. If bit 4 of the MCR is set to a 1, this 
bit is equivalent to OUT 2 of the MCR. | 


Scratchpad Register 


This 8-bit ReadANrite Register does not control the ACE 
in any way. It is intended as a scratchpad register to be 
used by the programmer to hold data temporarily. 


XTAL2 


BAUDOUT 


U 
uH 
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UM82450 40L DIP 
| 0М824500 441 PLCC 
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Asynchronous Communication 
Element (ACE) 








Features 

Ш Adds or deletes standard asynchronous communication data bus and control bus. 
bits (start, stop, and parity) toor froma serial data @ Fully programmable serial-interface characteristics 
stream — 5-, 6-, 7-, or 8-bit characters 

в Full double buffering eliminates the need for precise — Even, odd, or no-parity bit generation and detection 
synchronization — 1-,1%-, or 2-stop bit generation 

|^ independently controlled transmit, receive, line status, — Baud rate generation (DC to 56k baud) 
and data set interrupts | B False start bit detection 

W Programmable baud rate generator allows division of W Complete status reporting capabilities 
any input clock by 1 to 2!5.1 and generates the в Easily interfaces to most popular microprocessors 
internal 16x clock 8 Line break generation and detection 

B |ndependent receiver clock input Ш internal diagnostic capabilities 

Ш Modem control functions (CTS, RTS, DSR, DTR, – Loopback controls for communications link fault 
RI, and DCD isolation 

в Single +5 volt power supply — Break, parity, overrun, framing error simulation 

в TRI-STATE TTL Drive capabilites for bidirectional W Fully prioritized interrupt system controls 

General Description | | 

UM8250A is a programmable Asynchronous Communica- status of the ACE at any time during the functional opera- 

tion Element (ACE) chip fabricated using the Si-Gate tion. М also includes a programmable baud rate generator 

NMOS process. It performs serial-to-parallel conversion on that is capable of dividing the timing reference clock 

data characters received from a peripheral device оға . input by divisors of 1 to 219 . 1 , and producing a 16x 

modem, and parallel-to-serial conversion on data characters clock for driving the internal transmitter logic. 


received from the CPU. The CPU can read the complete 


Pin Configuration 
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Block Diagram 
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Absolute Maximum Ratings* *Comments . 

Temperature Under Bias ............. 09С to +70°C Stresses above those listed under "Absolute Maximum 

Storage Тетрегатиге............. —65?C to +150°C Ratings" may cause permanent damage to the device. 

All Input or Output Voltages with These are stress ratings only. Functional operation of 
Respect їо Vss ..........:.... —0.5V to +7.0V this device at these or any other conditions above those 

Power Пізбірайоп.................. 1... 700 mw indicated in the operational sections of this specification 


is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


DC Electrical Characteristics 
ТА = 0°C to +70°С, Мрр = +5V £ 5%, Vss = OV, unless otherwise specified. 


ЕИ | — — мәне | әже [ M | ми 

КТ ШІСІ — | — ЕС | s | v | 
БОЛН ШІСІ ЕНЕ | _ шэн 
о шинийн ЕСЕН | s шэн 
ЖЕГЕН ШТ: ____| истим || w | Y- 
ЕСТЕН ЕСІГІ. — — ЕТЕ. [и Ус 


[02 
MR Schmitt Му. 
MR Schmitt Мн 


* Does not apply to XTAL 2 











Vcc = 5.25V, ТА = 25°С 
No Loads on output 
SIN, DSR, RLSD, 
CTS, RI = 2.0V 

All other inputs = 0.8V 


Input Leakage Vec = 5.25V, Vss = ОМ 
- All other pins floating. 
Clock Leakage Vin = OV, 5.25V 


TRI-STATE Leakage Veci=5.25V, Vss = ОМ 
VouT = 0V, 5.25V 

1) Chip deselected 

2) WRITE Mode, chip 
selected 


Avg Power Supply Current (Усс) 






























Capacitance 
TA = 25°С, Усс = Vss =0V 
| Symbol | 






fc = 1 MHz 


Unmeasured pins 
returned to Усс 
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@ ume UMS250A 


AC Characteristics 
ТА = О°С to b 70°С, Мрр = +5V + 5% 


tAW Address Strobe Width 

(А5 Address Setup Time 

tAH Address Hold Time 

105 Chip Select Setup Time 

tCH | Chip Select Hold Time 
tDIW DISTR/DISTR Strobe Width 
tRC Read Cycle Delay 


RC | Read Сусе = ART + IDIW F RC pu Есті 
tDD | DISTR/DISTR to Driver Disable Delay | | @100 pF loading*** | | 75 

ооо | Delay from DISTR/DISTR to Data. | @100 pF loading | | 
tHZ DISTR/DISTR to Floating Data Delay 

гром | DOSTR/DOSTR Strobe Width ав | 
М/С Write Cycle Delay | 5% | 

WC | Write Cycle = tAW + tDOW + МС | 755 | 

tos | Data Setup Time Шингэн % | 

tCSC* Chip Select Output Delay from Select | @100 pF loading Í| || 125 
tRA* | Address Hold Time from DISTR/DISTR [cms eral e 
tRCS* | Chip Select Hold Time from DISTR/DISTR 
DISTR/DISTR Delay from Address —— 


ЗАВ” 
DISTR/DISTR Delay from Chip Select ү eee at 2088 





22 


2 
Nn 


3 
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о 
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tCSR* 
tWA* | Address Hold TimefromDOSTR/DOSTR | 1 20 

CS* | Chip Select Hold Time from DOSTR/DOSTR 
tAW* DOSTR/DOSTR Delay from Address 


tcsw* | DOSTR/DOSTR Delay from Select в 


-2 
22 


2 
e 


Оо (7 e o o о 


2 
(22) 





Оо 


9 
c 
< 
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МАМ Master Reset Pulse Width 


H | Duration of Clock High Pulse External Clock (3.1 MHz Max.) 
Duration of Clock Low Pulse External Clock (3.1 MHx Max.) 
ud Generator 


Baud Divisor 


Peripherals 
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х 
г 
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| 

— 


{Вір 100 pF Load 

tBHD 100 pF Load 

TLW Baud Output Down Time fx = 2MHz, + 2, 100 pF Load 425 

tHW Baud Output Up Time fx = 3MHz, = 3, 100 pF Load 330 
Receiver 


Delay from RCLK to Sample Time 


tSINT | Delay from Stop to Set Interrupt 
tRINT Delay from DISTR/DISTR 
(RD RBR/RDLSR) to Reset Interrupt 


* Applicable only when ADS is tied low. 
**RCLK is equal to ЇХН and tXL. 
*** Charge and discharge time is determined by VoL. Мон and the external loading. 


Baud Output Negative Edge Delay 


B 


Ві 


Baud Output Positive Edge Delay 


2 
со 


| а 
сл 
© 
o a {о 


d 
o 


RCLK** 
Cycles 


100 pF Load 890 ns 
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AC. Characteristics (Continued) 


Delay from DOSTR/DOSTR (WR THR) 
to Reset Interrupt 00 pF Load 890 дЫ 
Delay from Initial INTR Reset to | 
Transmit Start 
ts Delay from Initial Write to Interrupt гэ 
15 ТІ Delay from Stop to Interrupt (THRE) шилээ 
Delay from DISTR/OISTR (RD ИВ) 
1 
i to Reset Interrupt (THRE) 100 pF Load 
Modem Control | 


Delay from DOSTR/DOSTR (WR MCR) 
t 
tSIM Delay to Set Interrupt from MODEM Input 100 pF Load ШЕН 1000 


Delay to Reset Interrupt from DISTR/ 
t | 
НІМ DISTR (RD MSR) шигшээ 


Timing Waveforms 














ЧВ5 


tHR 
| 


сә 
В 
° > 
о 
oL. 
o А 







EXTERNAL CLOCK INPUT (3.1 MHz MAX.) AC TEST POINTS 
bg 


2.0V 2.0V 
XTAL1 
0.8V 0.8V. 


BAUDOUT TIMING 


—Á—À ај 


ївно — F— 
во — — — Fe tHw 


BAUD OUT 


(= 1) t 
— |е—твнр — LW 
| >| |+ вр менті 
BAUD OUT 
(+ 2) 


tBLD = үү 
{| ^ --é]i—tBgHD tHw ee Пу — 


BAUD OUT 
a). ар 
ы а-ы -вно | — tL w ee thw = (N -2) XTAL1 CYCLES 
BAUD OUT 
(= №, М 3) 


ЦМ = 2 ХТАСТ CYCLES 
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Timing Waveforms (Continued) 


= |— taw — | n | . 


je- tas =| |а tAH 


Гея |-— ‘сн Р-- twat 


— — 
C55, CSi Cso | Хулио ЕЈ |--Х 


| [2— tcsc* = - e| wcs* 


ша 
22207 
DOSTR/DOSTR Xe соли АСТІМЕ 


WRITE CYCLE 









CSOUT 





OR 


| | END CT 
DISTR/DISTR | АСТІУЕ 


105 |-—|-—— тн 


ОАТА 
Do-D4 | VALID DATA 


* Applicable Only When ADS is Tied Low. 








READ CYCLE 
|+— taw — 
ADS N / \ / 
jetas =) |е— ТАН 


А», A1, Аб VALID | 
|К јен | tna 
CS2, CS1, С50 Хулио X -------і|-Х 


| e — 4 тэ" 
"=з 5 


k— tcsR* | 
ХАВ” RC 
!DIW— e| tac — 

DISTR/DISTR | X active X X ACTIVE 
ЖЕСЕ 1 
DOSTR/DOSTR | | АСТІМЕ 

| | tos е tDD | 
DDIS \ / 
tDDD — tuz 
Бо Ва РАТА 


* Applicable Only When ADS is Tied Low. 








CSOUT 
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Timing Waveforms (Continued) 


RCLK | | | | 


RECEIVER TIMING 


SAMPLE CLK 


SIN | Хот) \ “E 
(RECEIVER START DATA BITS (5.8) | (кант) STOP 
INPUT 


DATA) 


SAMPLE 
CLK js 


- = ms tSINT 
i INTERRUPT 
(DATA READY OR 
RCVR ERR) 
'RINT 

DISTR/DISTR (2) 

(READ RÉC ACTIVE 
DATA BUFFER 
OR RDLSR) 


. TRANSMITTER TIMING 


SERIAL { Ке Мат. 
оџт (5001) ТАВТ ОАТА (5-8) (anm) STOP (1-2) \STARY 


2 - 185 | єт! 
INTERRUPT 
{THRE) 
THR tHR J | 
р-- tsi 
DOSTR/DOSTR (1) 
(WR ТНН) | | | 


са npe 
DISTR/DISTR (2) 
(RD IIR) 


. MODEM CONTROL TIMING 


DOSTR/DOSTR (1) 
(WR MCR) | - : 








CTS, DSR, DCD / N 


zt ДҮРЭЭ 


Note: 1. See Write Cycle Timing 
2. See Read Cycle Timing 


DiSTR/DISTR © 
(RD MSR) 
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Pin Description 


Input Signals 


Chip Select (CSO, CS1, CS2), Pins 12—14: When CSO and 
CS1 are high and CS2 is low, the chip is selected. Chip 
selection is complete when the decoded chip select signal 
is latched with an active (low) Address Strobe (ADS) input. 
This enables communication between the ACE and the 
CPU. 


Data Input Strobe (DISTR, DISTR), Pins 22 and 21: When 
DISTR is high or DISTR is low while the chip is selected, it 
allows the CPU to read status information or data from a 
selected register of the ACE. Only an active DISTR or 
DISTR input is required to transfer data from the ACE 
during a read operation. Therefore, tie either the DISTR 
input permanently low or the DISTR Input permanently 
high, if not used. 








Data Output Strobe (DOSTR, DOSTR), Pins 19 and 18: 
When DOSTR is high or DOSTR is low while the chip is 





selected, allows the CPU to write data or control words . 


into a selected register of the ACE. Only an active DOSTR 
or DOSTR input is required to transfer data to the ACE 
during a write operation. Therefore, tie either the DOSTR 
input permanently low or the DOSTR input permanently 
high, if not used. 








Address Strobe (ADS), Pin 25: When low, provides latch- 
ing for the Register Select (A5, A,, Ag) and Chip Select 
(CSO, CS1, CS2) signals. An active ADS input is required 
when the Register Select (А, A}, Ag) signals are not 
stable for the duration of a read or write operation. |f 
not required, tie the ADS input permanently low. 


Register Select (A2, А, Аб), Pins 26—28: These three 
inputs are used during a read or write operation to select 
an ACE register to read from or write into as indicated 
in Table 1. The DLAB must be set high by the system 
software to access the Baud Generator Divisor Latches. 


Master Reset (MR), Pin 35: This input is buffered with 
a TTL-compatible Schmitt Trigger with 0.5V typical 
hysteresis. When high, it clears all the registers (except 
the Receiver Buffer, Transmitter Holding, and Divisor 
Latches), and the control logic of the ACE. Also, the state 
of various output signals (SOUT, INTRPT, OUT 1, OUT 2, 
RTS, DTR) are affected by an active MR input. (Refer 
to Table 1.) 








-Receiver Clock (RCLK), Pin 9: This input is the 16 x 
baud rate clock for the receiver section of the chip. 


Serial Input (SIN), Pin 10: Serial data input from the com- 
munications link (peripheral device, MODEM, or data set). 


Clear to Send (CTS), Pin 36: The CTS signal is a MODEM 
control function input whose conditions can be tested 





by the CPU by reading bit 4 (CTS) of the MODEM Status 
Register. Bit O (DCTS) of the MODEM Status Register 
indicates whether the CTS input has changed state since 
the previous reading of the MODEM Status Register. CTS 
has no effect on the Transmitter. Whenever the CTS bit 
of the MODEM Status Register changes state, an interrupt 
is generated if the MODEM Status Interrupt is enabled. 


Receiver Buffer (read), Transmitter 
Holding Register (write) 


о 
© 


Interrupt Enable 

Interrupt Identification (read only) 
Line Control 

MODEM Control 

Line Status 

MODEM Status 

Scratch 

Divisor Latch (least significant byte) 


— — X X X X X X O о 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 


о O — = O Q — — O 
- О ~ О ~ О ~ O — 


Divisor Latch (most significant byte) 


Table 1. Register Address 


Data Set Ready (DSR), Pin 37: When low, this indicates 
that the MODEM or data set is ready to establish the com- 
munications link and transfer data with the ACE. The DSR 
signal is a MODEM:- control function input whose condition 
can be tested by the CPU by reading bit 5 (DSR) of the 
MODEM Status Register. Bit 1 (DDSR) of the MODEM 
Status Register indicates whether the DSR input has 
changed state since the previous reading of the MODEM 
Status Register. Whenever the DSR bit of the MODEM 
Status Register changes state, an interrupt is generated if 
the MODEM Status Interrupt is enabled. 


Data Carrier Detect (DCD), Pin 38: When low, indicates 
that the data carrier has been detected by the MODEM or 
data set. The DCD signal is à MODEM-control function 
input whose condition can be tested by the CPU by reading 
bit 7 (DCD) of the MODEM Status Register. Bit З (DDCD) © 
of the MODEM Status Register indicates whether the 
DCD input has changed state since the previous reading 
of the MODEM Status Register. DCD has rio effect on the 
receiver. Whenever the DCD bit of the MODEM Status 
Register changes state, an interrupt is generated if the 
MODEM Status Interrupt is enabled. | 








‘Ring Indicator (RI), Pin 39: When low, indicates that a 


telephone ringing signal has been received by the MODEM 
ог data set. The RI signal is a МОРЕМ-сотго! function 
input whose condition can be tested by the CPU by reading 
bit 6 (RI) of the MODEM Status Register. Bit 2 (TERI) 
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of the MODEM Status Register: indicates whether the ВТ 
input has changed from a low to a high state since the 
previous reading of the MODEM Status Register. Whenever 
the RI bit of the MODEM Status Register changes from a 
high to a low state, an interrupt is generated if the MODEM 
Status Register is enabled. 


Vpp, Pin 40: +5V supply. 


Vss, Pin 20: Ground (OV) reference. 


Output Signals 


Data Terminal Ready (DTR), Pin 33: When low, informs 
the MODEM or data set that the ACE is ready to communi- 
cate. The DTR output signal can be set to an active low by 
programming bit O (DTR) of the MODEM Control Register 
to a high level. The DTR signal is set high upon a Master 
Reset operation. The DTR signal is forced to its inactive 
state (high) during loop mode operation. 


Request to Send (RTS), Pin 32: When low, informs the 
MODEM or data set that the ACE is ready to transmit 
data. The RTS output signal can be set to an active low 
by programming bit 1 (RTS) of the MODEM Control 
Register. The RTS signal is set high upon a Master Reset 
operation. The RTS signal is forced to its inactive state 
(high) during loop mode operation. 


Output 1 (OUT 1), Pin 34: . User-designated output that 
can be set to an active low by programming bit 2 (OUT 1) 
of the MODEM Control Register to a high level. Тһе 
OUT 1 signal is set high upon a Master Reset Operation. 
The OUT 1 signal is forced to its inactive state (high) during 
loop mode operation. 





Output 2 (OUT 2), Pin 31: User -designated Output that 
can be set to an active low by programming bit 3 (OUT 2) 
of the MODEM Control Register to а high level. Тһе 
OUT 2 signal is set high upon a Master Reset Operation. 
The OUT 2 signal is forced to its inactive state (high) during 
loop mode operation. 








Chip Select Out (CSOUT), Pin 24: When high, indicates 
that the chip has been selected by active, CSO, CS1, and 
CS2 inputs. Мо data transfer can be initiated until the 
CSOUT signal is a logic 1. CSOUT goes low when chip 
is deselected. 


Driver Disable (0015), Pin 23: Goes low whenever the 
CPU is reading data from the ACE. А high-level DDIS 
output can be used to disable an external transceiver (if 
used between the CPU and ACE on the D4—Dg Data Bus) 
at all times, except when the CPU is reading data. 


Baud Out (BAUDOUT), Pin 15: 16 x clock signal for the 
transmitter section of the ACE. The clock rate is equal 
to the main reference oscillator frequency divided by the 
specified divisor in the Baud Generator Divisor Latches. 





The BAUDOUT may also be used for the receiver section 
by tying this output to the RCLK input of the chip. 


Interrupt (INTRPT), Pin 30: Goes high whenever any one 
of the following, interrupt types has an active high condi- 
tion and is enabled via the IER: Receiver Error Flag; 
Received Data Available; Transmitter Holding Register 
Empty; and MODEM Status. The INTRPT signal is reset 
low upon the appropriate interrupt service or a Master 
Reset operation. 


Serial Output (SOUT), Pin 11: Composite serial data 
output to the communications link (peripheral, MODEM 
or data set). The SOUT signal is set to the Marking (logic 
1) state upon a Master Reset operation. 


Input/Output Signals 


Data (0--40,) Bus, Pins 1-8: This bus comprises eight 
TRI-STATE input/output lines. The bus provides bidirec- 
tional communications between the ACE and the CPU. 
Data, control words, and status information are transferred 
via the D; —Dg Data Bus. 


External Clock Inpuy/Output (XTAL 1, XTAL 2), Pins 16 
and 17: These two pins connect the main timing reference 
(crystal or signal clock) to the ACE. 


Programmable Registers 


The system programmer may access or control any of 
the ACE registers summarized in Table 2 via the CPU. 
These registers are used to control ACE operations and to 
transmit and receive data. 


Line Control Register 


The system programmer specifies the format of the asyn- 
chronous data communications exchange via the Line 
Contro! Register. In addition to controlling the format, 
the programmer may retrieve the contents. of the Line 
Control Register for inspection. This feature simplifies 
system programming and eliminates the need for separate 
storage in system memory of the line characteristics. 
The contents of the Line Control Register are indicated 
in Table 2 and are described below. _ 


Bits 0 and 1: These two bits specify the number of bits 
in each transmitted or received serial character. The 
encoding of bits O and 1 is as follows: 
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Ви 2:: This bit specifies the number of Stop bits in each 
transmitted character. If bit 2 is a logic 0, one Stop bit 
is generated іп the transmitted data. If bit 2 is a logic 1 
when a 5-bit word length,is selected via bits O and 1, one 
and a half Stop bits are generated. if bit 2 is а logic 1 when 
either а 6-, 7-, or 8-bit word length is selected, two Stop 
bits are generated. The Receiver checks the first Stop-bit 
only, regardless of the number of Stop bits selected. 


Bit 3: This bit is the Parity Enable bit. When bit 3 ба 


logic 1, a Parity bit is generated (transmit data) or checked | 


(receive data) between the last data word bit and Stop bit 
of the serial data. (The Parity bit is used to produce 
an even or odd number of 1s when the data word bits and 
the Parity bit are summed.) 


Bit 4: This bit is the Even Parity Select bit. When bit З isa 
logic 1 and bit 4 is a logic 0, an odd number of logic 1s 
is transmitted or checked in the data word bits and Parity 
bit. When bit 3 is a logic 1 and bit 4 is a logic 1, an even 
number of logic 1s is transmitted or checked. 


Bit b: This bit is the Stick Parity bit. When bits 3, 4 and 
5 are logic 1 the Parity bit is transmitted and checked by 
the receiver as a logic O. |f bits 3 and 5 are 1 and bit 4 
is a logic O then the Parity bit is transmitted as a O. 


Table 1. ACE Reset Functions 








OUT2 





Rone Бато 


Interrupt Identification Register = 3 о 4. таа 


Line Control Register АП Bits Low 
MODEM Control Register АН Bits Low 


Bit 6: · This bit is the Break Control bit. When it is set to 
a logic 1, the serial output (SOUT) is forced to the Spacing 
(logic O) state. The break is disabled by setting bit 6 to 
a logic O. The Break Control bit acts only on SOUT and 
has no effect on the transmitter logic. 


Note: This feature enables the CPU to alert a terminal in 

a computer communications system. If the following 

sequence is followed, no erroneous or extraneous characters 

will be transmitted because of the break. 

1. Load an ай Os, pad character, in response to THRE. 

2. Set break after the next THRE. 

3. Wait for the transmitter to be idle, (TEMT = 1), and 
clear break when normal transmission has to be restored. 


During the break, the Transmitter can be used as a charac- 
ter timer to accurately establish the break duration. 


Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It 
must be set high (logic 1) to access the Divisor Latches of 
the Baud Generator during a Read or Write operation. 11 
must be set low (logic 0) to access the Receiver Buffer, 
the Transmitter Holding Register, or the Interrupt Enable 
Register. 


All Bits Low, 
Except Bits 5 & 6 are High 


Bits 0 - З Low 
Bits 4 - 7 — Input Signal 
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Table 2. Summary of Accessible Registers 





Register Address 


Receiver | Transmitter 











































Buffer Holding Interrupt Divisor Divisor 

Register Register Enable Latch Latch 
(Read (Write (MS) 
Only) Only) 


Си m Инж 

















































Enable 
Received Sod Data 
Dat он Terminal Cle 
Data Bit O* | Data Bit 0 aa interrupt ar | Bito Bit 0 Bit 8 
Available Pendin Ready to Send 
Interrupt 9 wisor | ОТА) (DCTS) 
(ERBFI) 









Enable 
Transmitter 




















Holding Request Overrun 

Register to Send Error Bit 9 
Empty (RTS) (OR) 

Interrupt 


| 




































Е 
2 















































(ЕТВЕІ) 
enable Trailin 
Receiver Number 9 
Тө Interrupt f Sto Edge 
Data Bit 2 | Data Bit 2 | ID 2 | Р Ring Bit 2 Bit 2 Bit 10 
Status , Bits 
Bit (1) Indicator 
interrupt (STB) (TERI) 
(ELSI) 
Enable Delta 
MODEM Parity Framing Data 
3 Data Bit 3 | Data Bit 3 Status Enable Error Carrier Bit 3 Bit 3 Bit 11 
Interrupt (PEN) (FE) Detect 
(DESSI) (DDCD) 




















(EPS) 


В шинэ НЕ я Н 
Рагпу 
Data Bit 6 | Data Ви 6 "id 
Break 





. 2. Вгеак Clear to 
Data Bit 4 | Data Bit 4 2 Interrupt | Send | Bit4 Bit 4 Bit 12 
(В!) (CTS) 





Holding 
Register 
(THRE) 





Bit 13 








ü 


TU 










Transmitter 
Empty 


Hing 
Indicator 
(RI) 


Bit 14 


































Divisor Data 
ratch Carrier 
7 Data Bit 7 | Data Bit 7 Access Bit 7 Bit 7 Bit 15 
Bit Detect 
(DLAB) (060: | 





* Bit О is the least significant bit. It is the first bit serially transmitted ог received. 
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Programmable Baud Generator 


The ACE contains a programmable Baud Generator that is 
capable of taking any clock input (DC to 3.1 MHz) and 
dividing it by any divisor from 1 to 216—1). The output 
frequency of the Baud Generator is 16 x the Baud [divisor 
# = (frequency input) — (baud rate x 16)]. Two 8-bit 
latches store the divisor in a 16-bit binary format. These 
Divisor Latches must be loaded during initialization in 
order to ensure desired operation of the Baud Generator. 
Upon loading either of the Divisor Latches, a 16-bit Baud 
counter is immediately loaded. This prevents long counts 
on initial load. 





Tables 3 and 4 illustrate the use of the Baud Generator 
with crystal frequencies of 1.8432 MHz and 3.072 MHz 
respectively. For baud rates of 38400 and below, the error 
obtained is minimal. The accuracy of the desired baud 
rate is dependent on the crystal frequency chosen. The 
maximum operating frequency of the Baud Generator is 
3.1 MHz. However, when using divisors of 3 and below, 
the maximum frequency is equal to the divisor in MHz. 
For example, if the divisor is 1, then the maximum 
frequency is 1 MHz. іп no case should the data rate be 
greater than 56К Baud. 


Line Status Register 


This 8-bit register provides status information to the CPU 
concerning the data transfer. The contents of the Line 
Status Register are indicated in Table 2 and are described 
below. 


Bit 0: This bit is the receiver Data Ready (DR) indicator. 
Bit O is set to a logic 1 whenever a complete incoming 
character has been received and transferred into the Re- 
ceiver Buffer Register. Bit O is reset to a logic O by reading 
the data in the Receiver Buffer Register. 


Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 
indicates that data in the Receiver Buffer Register was not 
read by the CPU before the next character was transferred 
into the Receiver Buffer Register, thereby destroying 
the previous character. The OE indicator is reset whenever 
the CPU reads the contents of the Line Status Register. 


Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 
indicates that the received data character does not have 
the correct even or odd parity, as selected by the even- 
parity-select bit. The PE bit is set to a logic 1 upon detec- 
tion of a parity error and is reset to a logic O whenever 
the CPU reads the contents of the Line Status Register. 


Bit 3: This bit is the Framing Error (FE) indicator. Bit 3 
indicates that the received character did not have a valid 
Stop bit. Bit 3 15 set to a logic 1 whenever the Stop bit 
following the last data bit or parity bit is detected as a 
zéro bit (Spacing level). The FE indicator is reset whenever 
the CPU reads the contents of the Line Status indicator. 
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Table 3. Baud Rates Using 1.8432 MHz Crystal 


Divisor Used 
to Generate 
16 x Clock 


Percent Error 
Difference Between 
Desired and Actual 


Desired 
Baud Rate 






DRIVER 
EXTERNAL 
CLOCK 






XTAL1 


0М8250А 










OPTIONAL 


OPTIONAL ЭН УЕН 


CLOCK 
OUTPUT 


ХТА 1 
0М8250А 







Typical Crystal Oscillator Network 
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Table 4. Baud Rates Using 3.072 MHz Crystal Bit 4: This bit is the Break Interrupt (BI) indicator. Bit 4 
is set to a logic 1 whenever the received data input is held 
Divisor Used Percent Error in the Spacing (logic 0) state for longer than a full word 
to Generate Difference Between transmission time (that is, the total time of Start bit + 
16 x Clock _ Desired and Actual data bits + Parity + Stop bits). Тһе ВІ indicator is reset 
whenever the CPU reads the contents of the Line Status 
indicator. Bits 1 through 4 are the error conditions that 
produce a Receiver Line Status interrupt whenever any 
of the corresponding conditions are detected. 





Bit 5: This bit is the Transmitter Holding Register Empty 
(THRE) indicator. Bit 5 indicates that the ACE is ready 
to accept a new character for transmission. Іп addition, 
this bit causes the ACE to issue an interrupt to the CPU 
when the Transmit Holding Register Empty Interrupt 
enable is set high. The THRE bit is set to a logic 1 when 
a character is transferred from the Transmitter Holding 
Register into the Transmitter Shift Register. The bit 
is reset to logic O concurrently with the loading of the 
Transmitter Holding Register by the CPU. 


Bit 6: This bit is the Transmitter Empty (ТЕМТ) indicator. 
Bit 6 is set to a logic 1 whenever the Transmitter Holding 
Register (THR) and the Transmitter Shift Register (TSR) 
are both empty. И is reset to a logic О whenever either 
the THR or TSR contains a data character. 





Table 5. Interrupt Control Functions 

















interrupt Identification Interrupt Set and Reset Functions 
Register 
Priority Interrupt Interrupt . Interrupt 
Level . Туре Source Reset Control 


poo | о | 1 | - | моле | Ne | - ^9 


Overrun Error 
or 
1 1 Highest Receiver i. s | Reading the 
Line Status Framing Error Line Status Register 
ог 
Break Interrupt 


1 S d Received Receiver Reading the 
Ба Data Available Data Available ` Receiver Buffer Register 


Reading the 
IIR Register 
Transmitter Transmitter (if source of interrupt) 
1 Third Holding Register Holding Register Or 
Empty Empty Writing into the 
Transmitter Holding 
Register 
Clear to Send 
MODEM 
Fourth стане 
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Bit 7:. This bit is permanently set to logic 0. The Line 
Status Register is intended for read operations only. 
Writing to this register is not recommended as this opera- 
tion is used for factory testing. 


interrupt Identification Register 


The ACE has an on-chip interrupt capability that allows for 
flexibility in interfacing popular microprocessors presently 
available. іп order to provide minimum software overhead 
during data character transfers, the ACE prioritizes inter- 
rupts into four levels. The four levels of interrupt condi- 
tions are as follows: Receiver Line Status (priority 1); 
Received Data Ready (priority 2); Transmitter Holding 
Register Empty (priority 3); and Modem Status (priority 
4). 


Information indicating that a prioritized interrupt is pend- 
ing and the type of that interrupt are stored in the Inter- 
rupt Identification Register (IIR). When addressed during 
chip-select time, the ИВ freezes the highest priority inter- 
rupt pending and no other interrupts are acknowledged 
until the particular interrupt is serviced by the CPU. The 
contents of the IIR are indicated in Table 2 and are de- 
scribed below. 


.Bit 0: This bit can be used in either a hardwired prioritized 
or polled environment to indicate whether an interrupt is 
pending. When bit O is a logic O, an interrupt is pending 
and the ІІН contents may be used as a pointer to the ap- 
propriate interrupt service routine. When bit O is a logic 1, 
no interrupt is pending and polling (if used ) continues. 


Bits 1 and 2: These two bits of the IIR are used to identify 
the highest priority interrupt pending as indicated in Table 
5. 


Bits 3 through 7: 
logic 0. 


These five bits of the НА are always 


interrupt Enable Register 


This 8-bit register enables the four types of interrupts of 
the ACE to separately activate the chip interrupt (INTRPT) 
output signal. It is possible to totally disable the interrupt 
system by resetting bits О through 3 of the Interrupt Enable 
Register. Similarly, by setting the appropriate bits of 
this register to a logic 1, selected interrupts can be enabled. 
Disabling the interrupt system inhibits the Interrupt 
Identification Register and the active (high) INTRPT 
Output from the chip. Ali other system functions operate 
in their normal manner, including the setting of the Line 
Status and MODEM Status Registers. The contents of the 
Interrupt Enable Register are indicated in Table 2 and are 
described below. 


Bit 0: This bit enables the Received Data Available Inter- 
rupt when set to logic 1. 


‘Bit 1: This bit enables the Transmitter Holding Register 


Empty Interrupt when set to logic 1. 


Bits 2: This bit enables the Receiver Line Status Interrupt 
when set to logic 1. 


Bit 3: This bit enables the MODEM Status Interrupt when 


set to logic 1. 


Bits 4 through 7: These four bits are always logic 0. 


MODEM Control Register 


This 8-bit register controls the interface with the MODEM 
or data set (or a peripheral device emulating a MODEM). 
The contents of the MODEM Control Register are indicated 
in Table 2 and are described below. 


Bit O: This bit controls the Data Terminal Ready (DTR) 


output. When bit O is set to logic 1, the DTR output is 
forced to a logic 0. When bit O is reset to a logic O, the 
DTR output is forced to a logic 1. The DTR output of 
the ACE may be applied to an EIA inverting line driver 
(such as the DS1488) to obtain the proper polarity input 
at the succeeding MODEM or data set. 


Bit 1: This bit controls the Request to Send RTS) output. 
Bit 1 affects the RTS output in a manner identical to that 
described above for bit O. 


Bit 2: This bit controls the Output 1 (OUT 1) signal, which 
is an auxiliary user-designated output. Bit 2 affects the 


OUT 1 output in a manner identical to that described 


above for bit O. 


Bit 3: This bit controls the Output 2 (OUT 2) signal, which 
5 an auxiliary user-designated output. Bit 3 affects the 
OUT 2 output in a manner identical to that described avove 
for bit O. 


Bit 4: This bit provides a local loopback feature for diagno- 


tic testing of the ACE. When bit 4 is set to logic 1, the 
following occur: the transmitter Serial Output (SOUT) is 
set to the Marking (logic 1) state; the receiver Serial Input 
(SIN) is disconnected; the output of the Transmitter Shift 
Register is "looped back" into the Receiver Shift Register 
input; the four MODEM Control inputs (CTS, DSR, DCD, 
апа Ri) are disconnected; and the tour MODEM Control 
outputs (DTR, RTS, OUT 1, and OUT 2) are internally 
connected to the four MODEM Control inputs, and the 
MODEM Control output pins are forced to their inactive 
state (high). In the diagnostic mode, data that is transmit- 
ted is immediately received. This feature allows the pro- 
cessor to verify the transmit-and received-data paths of 
the ACE. 





In the diagnostic mode, the receiver and transmitter inter- 
rupts are fully operational. The MODEM Control Inter- 


rupts are also operational, but the interrupts' sources are 
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now the lower four bits of the MODEM Control Register 
instead of the four MODEM Control inputs. The interrupts 
are still controlled by the Interrupt Enable Register. 


Bit 5 through 7: These bits are permanently set to logic 0. 


. MODEM Status Register 


This 8-bit register provides the current state of the control 
lines from the MODEM (or peripheral device) to the CPU. 
In addition to this current-state information, four bits 
of the MODEM Status Register provide change information. 
These bits are set to a logic 1 whenever a control input 
from the MODEM changes state. They are reset to logic 
O whenever the CPU reads the MODEM Status Register. 


Accessible Registers 


The contents of the MODEM Status Register are indicated 
in Table 2 and are described below. 


ВИО: This bit is the Delta Clear to Send (DCTS) indicator. 
Bit O indicates that the CTS input to the chip has changed 
state since the last time it was read by the CPU. 


Bit 1:. This bit is the Delta Data Set Ready (DDSR) in- 
dicator. Bit 1 indicates that the DSR input to the Chip 
has changed state since the last time it was read by the 
CPU. 


Bit 2: This bit is the Trailing Edge of Ring Indicator 


Typical Application 









DRIVER 


(TERI) detector. Bit 2 indicates that the НІ input to the 
chip has changed from a low to a high state. 


Bit 3: This bit is the Delta Data Carrier Detect (DDCD) 
indicator. Bit 3 indicates that the DCD input to the chip 
has changed state. Whenever bits 0, 1, 2, or 3 are set to 
logic 1, а MODEM Status Interrupt is generated. 


Bit 4: This bit is the complement of the Clear to Send 
(CTS) input. If bit 4 (loop) of the МСН is set to a 1, this 
bit is equivalent to RTS in the MCR. 


Bit 5: This bit is the complement of the Data*Set Ready 
(DSR) input. If bit 4 of the MCR is set to a 1, this bit is 
equivalent to DTR in the MCR. 


Bit 6: This bit is the complement of the Ring Indicator 
(RI) input. If bit 4 of the MCR is set to a 1, this bit is 
equivalent to OUT 1 in the MCR. 


Bit 7: This bit is the complement of the Data Carrier 
Detect (DCD) input. If bit 4 of the MCR is set to a 1, this 
bit is equivalent to OUT 2 of the MCR. 


Scratchpad Register 


This 8-bit Read Write Register does not control the ACE 
in any way. It is intended as a scratchpad register to be 
used by the programmer to hold data temporarily. 
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Asynchronous Communication 
Element (ACE) 





Features 


Adds or deletes standard asynchronous communication 
bits (start, stop, and parity) to or from a serial data 
stream 

Full double buffering eliminates the need for precise 
synchronization 

Independently controlled transmit, receive, line status, 
and data set interrupts 

Programmable baud rate generator allows division 
of any input clock by 1 to (2!$—1) and generates 
the internal 16x clock 

Independent receiver clock input 

Modem control functions (CTS, RTS, DSR, DTR, 
RI, and carrier detect) 

Single +5 volt power supply 

TRI-STATE TTL drive capabilities for bidirectional 


General Description 


The UM8250B is a programmable Asynchronous Communi- 
cation Element (ACE) chip fabricated using Si-Gate NMOS 
process. This product performs serial-to-parallel conversion 
on data characters received from a peripheral device or a 
modem, and parallel-to-serial conversion on data characters 
received from the CPU. The CPU can read the complete 


Pin Configurations 








Do [ |! 40 О Yoo 
р. 12 39 [RI 
021 13 | | DCD 
Dal Да | | О5А 
041 (5 | 1СТ5 
051 16 | | МЕ 
067 | JOUTÍ 
05118 | | ОТВ 
всї| 19 | ЈАТ5 
ѕім ] 10 | Jour2 
соџт | 111 | | МТВРТ 
cso | 112 29] | NC 
csi Lf 13 28 | ] Ао 
cs2[ 114 27 | ТА: 
BAUDOUT 26 132 
XTAL1 | | 16 25 | ТАО5 
XTAL2[ | 17 244 |csouT 


DOSTR | | 18 234 10085 
postr Г 119 221 | ОГ5ТВ 
м5 | | 20 211 |DISTR 





data bus and controll bus. 

в Fully programmable serial-interface characteristics: 

— 5-, 6-, 7-, or 8-bit characters 

— Even, odd, or no-parity bit generation and detection 

— 1, 1%, or 2-stop bit generation 

— Baud rate generation (DC to 56К baud) 

False start bit detection 

Complete status reporting capabilities 

Easily interfaces to most popular microprocessors 

Line break generation and detection 

Internal diagnostic capabilities 

— Loopback controls for communications link fault 
isolation 


— Break, parity, overrun, framing error simulation 
8 Fully prioritized interrupt system controls 


status of the ACE at any time during operation. It also 
includes a programmable baud rate generator that is capable 
of dividing the tíming reference clock input by a divisor 
of 1 to (2!9%—1), and producing а 16X clock for driving 
the internal transmitter logic. 
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Absolute Maximum Ratings* * Comments 

Temperature Under Bias ............. 0°C to +70°С Stresses above those listed under “Absolute Maximum 
Storage Temperature ....... РОУ —65°С to + 150°C Ratings" тау cause: permanent damage to the device. 
АП input or Output Voitages with These are stress ratings only. Functional operation of 
Respect to Vgs ................. —0.5V to + 7.0V this device at these or any other conditions above those 
Power Пізірайол...................... 700mw indicated in the operational sections of this specification 


is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re- 
liability. 


DC Electrical Characteristics 
TA = 0°C to +70°C, Vee = *5V + 5%, Vgs = OV, unless otherwise specified. 


eme om — | w. | wa m 
[wu ШЕСІ. [ [=s 

Оэ quem pes ЕТІН ЕКЕН 
Бан 


Ама Ромуег Supply Current (Усс) Vcc = 525V, TA = 25°С 
No Loads on output 
SIN, OSR, RLSD, 
CTS, RI = 2.0V 

All other inputs = 0.8V 



































Vee = 5.25У, Veg = ОМ 
All other pins floating. 
Vin = OV, 5.25V 


Clock Leakage 


TRI-STATE Leakage 














о 
Е 
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Vout = ОМ, 5.25У 

1) Chip deselected 

2) WRITE Mode, chip 

. selected 





* Does not apply to XTAL2 
Capacitance 
TA = 25°C, Усс = Vss = OV 


Г Жағы Сонот | мы” 

“Сала | CeXWewtwataxe | — — — | 

Extract | Clock Output Capacitance | семе __| — | 2 | 39 | F| 
шош | 









Input Capacitance Unmeasured pins 
Output Capacitance returned to Vss 
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AC Characteristics 





ТА = OC to +70°C, Мес = +5М + 5% 




















СИ ИТИИ ер | а 
мел ПЕНИЯ те = 
Cus [юеш ОЕ s 
Cie | thin See Hod Tine — — — — — — НС TT 
[Гоу STR PD sta боен | — — — — | Us| — | 
[Eae | яввсавбау Гар — |^ 
CRC | feed = а ga ue | — — EE: — | во 
| DISTR/DISTR to Driver Disable Delay | @100pF loading*** | | 125 | ns | 
[Coos | Deny from тетя to Dae — | өнөөг wading | [| 5 га 
Сана | DISTRIDISTA to оа Daa Delay — | КСТІАС” ІІ | — | 15 | m 
1 ом DOSTR/DOSTR Strobe Width 20222222011 MET. | 
[ас | wewe 17756 ОС 
[EG ЕСТ uos ue 7| © — БЕСТЕН 
Duces с=т= — —— = 
| Ср к ИВЕ ПЕН НЕ 1 шее 
| Спе нв Оло нау опаа второ — | V5 в 
Address Hold Time from DISTR/DISTR б --___--- = E. BU | | m | 
Chip Select Hold Time from DISTR/DISTR |___=-____--=_____- ---_- SU - CP a 
Та” DISTR/DISTR Delay from Address пазарен O Кореа ЕГЕ 
Гэсэн” | DISTRIDISTR Dey from Chip Seat || во [| 
нае [| хана Ной Time fom МОЕ | — — — — 15] — БЕГІНЕ 
Сив [Chip Select Hold Time fom BOSTRDOSTR 7151-1151 
[Ew | BOSTRIDOSTR бави from Address | — — — — —— 67 
леви | BOSTRIDOSTA ва om бөө | — — 1-9 — ы 
Cum, Меки Reet Peo Ги 
ss [Staton Coa нае — — rar Goer WHEW] Г — L — 


Baud Generator 


| tscp Delay from RCLK to Sample Time 
| мт Delay from Stop to Set Interrupt 


№ 
ғ 
о 
| 
— 


Baud Output Negative Edge Delay 100 pF Load 250 
tgup Baud Output Positive Edge Delay ... 100 pF Load 2b0 


tiw Baud Output Down Time 100 pF Load 
Baud Output Up Time 100 pF Load 


о| O 


Receiver 


EE 


= 
Оо 


RCLK** 
Cycles 


- 
© 
© 
> 
со 


Ї Delay from DISTR/DISTR | 
Ша (RD RBR/RD 58) to Reset Interrupt 100 pF Load 
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AC Characteristics (Continued) 


Lower. у шшш 1. у. ws ме ми Це NE] 


TRANSMITTER 


Delay from initial INTR Reset to Transmit Start D 
Delay from Initial Write to Interrupt ЖИН 


Delay from stop to Next start 100 pF Load 


Delay from DISTR/DISTR (RD ТІН) to Reset 


MODEM CONTROL 


Delay from DOSTR/DOSTR (WR MCR) to Output 100 pF Load | 700 | n | 
Delay to Set Interrupt from MODEM Input 100 pF Load | | 300 | ns | 
Delay to Reset Interrupt from DISTR/DISTR (RD MSR) 100 pF Load | 700 | mw | 


* Applicable only when ADS is tied low. 
** RCLK is equal 10 хн апа txl. 




























*** Charge and discharge time is determined by Vo, , Мон and the external loading. 


Note: Timings assume one level of multiplexers around the ACE to facilitate testing. Some variation in timings may result 
from non-typical placement/routing. 


Timing Waveforms 
` EXFERNAL CLOCK INPUT (3.1 MHz MAX.) AC TEST POINTS 


n 


2.0V 2.0V 
ХТА11 
0.8V 0.8V 
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BAUDOUT TIMING 


нома 


tBHD — |+-- 

tBLD — + — e uw 

BAUD OUT 

(+1) 

явно — Чуй 

| |-— во нуу 
BAUD OUT 
(= 2) 


tBLD + tLw 
- e- Рено ним — 


ВАЦО ООТ 
(+3) tBLD | 
— + — |“-ІВНО | tL Ww — ня tHw = (N-2) XTAL1 CYCLES 
BAUD OUT + 
(= М, м З) 


Цуу+2 ХТА 1 CYCLES | 
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Timing Waveforms (Continued) 


WRITE CYCLE | |«— taw — | 
АО5 \ / \ / 








j- tas |“- “АН 
> — 
| | |— ‘сн РВ-- wa 


—áÀ —— 
S2, CS1, CS0 | == ые 
м 
|-—— 


 CSOUT 
| I» —— tcsw* | 
tAW* WC 
tDOW—e|«—— wc—— 
DOSTR/DOSTR Х active X | | ACTIVE 


OR 


кс Же 
DISTR/DISTR | ACTIVE 


tps +>} он 
ОАТА 
Оо-07 VALID DATA 


* Applicable Only When ADS is Tied Low. 











READ CYCLE 


F— taw — 
ADS \ / \ / 


| tas—2—] | - ТАН 


А), A1. Ао VALID | 
ПА | tch I tna 


69,051,050 Ма 

Y 

| |-— tesc” БИ |-—— | tacs* 
— 





ј-—— tcsn* | 
ТАВ” ЕС 
tD Vv tRC —— 
DISTR/DISTR X active X Х АСТМЕ 


| OR 
DOSTR/DOSTR | 


V 
| АСТІУЕ 
|5 tbs 'DD | 
DDIS | N / 






CSOUT 








тррр —| F tuz 
DATA VALID 
00-05 РАТА 


* Applicable Only When ADS в Tied Low. 
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Timing Waveforms (Continued) 
RECEIVER TIMING 





`RCLK 
teh НЕЯ 5 CLKS —— — la !SCD 
SAMPLE CLK 
SIN 
(RECEIVER START DATA SITS (5-2) STOP 
` INPUT 
DATA) 


SAMPLE 
CLK | 


INTERRUPT 
(DATA READY OR 
RCVR ЕВА) 
DISTR/OISTR 
(READ REC 
OR ROLSRI 
О TRANSMITTER TIMING 


- '"iRS r= tSTI 
INTERRUPT 
(THRE) 
tHR Шы я | 
= је 
DOSTR/OOSTR (1) 
(WR ТНВ) | | 


DISTR/DISTR (2 
(во на) 


MODEM CONTROL TIMING 


DOSTR/DOSTR © 
(WR MCR) | | 


© 
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INTERRUPT / \ / \ / 
ІНІМ там 
сам Ей ттт | сем 
DISTR/DISTR (2 


(RD м58) U 


1: See Write Cycle Timing 
2: See Read Cycle Timing 
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Typical Application 
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Pin Description 


Input Signal 

Chip Select (CS0, CS1, CS2), Pins 12—14: When CSO 
and CS1 are high and CS2 is low, the chip is selected. 
Chip selection is complete when the decoded chip select 
signal is latched with an active (low) Address Strobe (ADS) 
input. 





Data Input Strobe (DISTR, DISTR), Pins 21 and 22: When 
DISTR із high or when DISTR is low, the chip is selected; 
it allows the CPU to read status information or data from 
a selected register of the UM8250B. 





Data Output Strobe (DOSTR, DOSTR), Pins 18 and 19: 
The chip is selected when DOSTR is high or DOSTR is 
low and allows the CPU to write data or control words 
into a selected register of the UM8250B. 





* Note that only one of these two inputs, DISTR апа 
DISTR (DOSTR and DOSTR) is needed to activate the 
CPU read (Write). Tie either DISTR (DOSTR) low ог 
DISTR (DOSTR) high if not needed. 











Address Strobe (ADS), Pin 25: When low, provides latch- 
ing for the Register Select (Ag, Ај, А») and Chip Select 
(CSO, CS1, CS2) signals. An active ADS input is required 
when the Register Select (Ag, Ај, А) signals are not 
stable for the duration of a read or write operation. If 
not required, tie the ADS input permanently low. 





Register Select (Ag, Ај, A2), Pins 26—28: These three 
inputs are used during a read or write operation to select 
a 0М8250В register to read from or write into as indi- 
cated in Table 1. Note that the state of the Divisor Latch 
Access Bit (DLAB), which is the most significant bit 
of the Line Control Register, affects the selection of 
certain UM8250B registers. The DLAB must be set high 
by the system software to access the Baud Generator 
Divisor Latches. 






e 
854 
APS -2R 
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| 
о 
o 
2 
2 
m 
o 
o 
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1 

4 

1 

! 

2 

wl 

~ ~ т қ 
38) 


ж : 40 
i GND | +5 
= (55) Ф {Vcc} 


Receiver Clock (RCLK), Pin 9: This input is the 16X 
baud rate clock for the receiver section of the chip. 


Serial Input (SIN), Pin 10: Serial data input from the com- 
munications. link (peripheral device, MODEM, ог data 
set). 


Clear to Send (CTS), Pin 36: The CTS signal is a MODEM 
control function input whose conditions can be tested 
by the CPU by reading bit 4 (CTS) of the MODEM Status 
Register. Bit O (DCTS) of the MODEM Status Register 
indicates whether the CTS input has changed state since 
the previous reading of the MODEM Status Register. 
CTS has no effect on the Transmitter. Whenever the CTS 
bit of the MODEM Status Hegister changes state, an in- 
terrupt is generated if the MODEM Status Interrupt is 
enabled. 


Data Set Ready (DSR), Pin 37: When low, this indicates 
that the MODEM ог data set is ready to establish the 
communications link and transfer data with the ACE. 
The DSR signal is a MODEM-control function input whose 
condition can be tested by the CPU by reading bit 5 (DSR) 
of the MODEM Status Register. Bit 1 (DDSR) of the 
MODEM Status Register indicates whether the DSR input 
has changed state since the previous reading of the MODEM 
Status Register. Whenever the DSR bit of the MODEM 
Status Register changes state, an interrupt is generated 
if the MODEM Status Interrupt is enabled. 


Data Carrier Detect (DCD) Pin 38: When low, indicates 
that the data carrier has been detected by MODEM or data 
set. | 


The DCD Signal is a MODEM Control function input 
and can be tested by reading bit 7 (DCD) of the MSR. 
Bit 3 (DDCD) of MSR indicates whether the DCD input 
has changed state since the previous reading of MSR. 
Whenever the DCD bit of MSR changes state, an interrupt 
is generated if the MODEM Status Interrupt is enabled. 
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Table 1. Register Address 















Ring Indicator (RI), Pin 39: When low, indicates that a 
telephone ringing signal has been received by the MODEM 
or data set. The Ri signal is a MODEM-control function 
input whose condition can be tested by the CPU by reading 
bit 6 (RI) of the MODEM Status Register. Bit 2 (TERI) 
of the MODEM Status Register indicates whether the RI 
input has changed from a low to a high state since the 
previous reading of the MODEM Status Register. Whenever 
the Ri bit of the MODEM Status Register changes from a 
high to-a low state, an interrupt is generated if the MODEM 


Divisor Latch (least significant byte). 
Divisor Latch (most significant byte). 


0 0 0 0 Receiver Buffer (read), Transmitter Holding Register (write). 
0 0 0 1 Interrupt Enable. 

X 0 1 0 Interrupt Identification (read only). 

X 0 1 1 Line Control. 

X 1 0 0 MODEM Control. 

X 1 0 1 Line Status. 

X 1 1 0 MODEM Status. 

X 1 1 1 Мопе. 

1 0 0 0 

1 0 0 1 












Status Register is enabled. 


Master Reset (MR), Pin 35: This input is buffered with 
а TTL-compatible Schmitt Trigger with 0.5У typical 
hysteresis. When high, it clears all the registers (except 
the Receiver Buffer, Transmitter Holding, and Divisor 
Latches) and the control logic of the UM8250B. Also, 
the state of various output signals (SOUT, INTRPT, OUT 1, 
OUT 2, RTS, DTR) are affected by an active MR input. 
(Refer to Table 2). 





Table 2. Reset Function 


Register/Signal 


Interrupt Enable Register Master Reset 


Interrupt Identification Register Master Reset 


Master Reset 
Master Reset 


Line Control Register 
MODEM Control Register 


Line Status Register Master Reset 


MODEM Status Register 


Master Reset 


SOUT 

ІМТЕРТ (RCVR Errs) 

INTRPT (RCVR Data Ready) 
INTRPT (THRE) 

INTRPT (Modem Status Changes) 
OUT 2 


Master Reset 


Master Reset 
Master Reset 
Master Reset 


Master Reset 





Reset Control 


Read LSR/MR 
Read RBR/MR 
Read IIRAWrite THR/MR 
Read MSR/MR 


Reset State 


All bits Low 

| (0-3 forced and 4—7 permanent). 
Bit O is High, Bits 1 and 2 Low, 
Bits 3—7 are Permanently Low. 
А! Bits Low. 
All Bits Low. 


АП Bits Low, Except Bits 5 and 6 
| which are High. 


Bits 0—3 Low, 
Bits 4—7 — Input Signal. 
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Output Signals 


Request to Send (RTS), Pin 32: When low, it informs the 
MODEM or data set that the UM8250B is ready to transmit 
data. The RTS output signal can be set to an active low 
by programming bit 1 (RTS) of the MODEM Control 
Register. The RTS signal is set high in a Master Reset 
operation. 


Data Terminal Ready (DTR),Pin 33: When low, it informs 
the MODEM ог data set that the UM8250B is ready to 
communicate. The DTR output signal can be set to an 
active low by programming bit O (DTR) of the MODEM 
Control Register to a high level. The DTR signal is set 
-high in a Master Reset operation. 


Output 1 (OUT 1), Pin 34: User-designated output can 
be set to an active low by programming bit 2 (OUT 1) 
of the MODEM Control Register to a high level. The 
“ОТ 1 signal is set high іп a Master Reset Operation. 


Output 2 (OUT 2), Pin 31: User-designated output can 
be set to an active low by programming bit 3 (OUT 2) 
of the MODEM Control Register to a high level. Тһе 
. OUT 2 signal is set high in a Master Reset Operation. 


"Note that the RTS, ОТА, OUT 1 and OUT 2 are 
forced to inactive state (high) during loop mode opera- 
tion. 


Chip Select Ош (CSOUT), Pin 24: When high, it indicates 
that the chip has been selected by active, CSO, CS1, and 
CS2 inputs. No data transfer can be initiated until the 
CSOUT signal is a logic 1. When chip is not selected, 
CSOUT remains low. 


Driver Disable (DDIS), Pin 23: This pin remains low 
whenever the CPU is reading data from UM8250B. A high- 
level output can be used to disable an external transceiver 
if the CPU is not reading. 


Baud Out (BAUDOUT), Pin 15: 16X clock signal for 
. the transmitter section of the UM8250B. The clock rate 
is equal to the main reference oscillator frequency divided 
by the specified divisor in the Baud Generator Divisor 
Latches. 


The BAUDOUT may also be used for the receiver section 
Бу tying this output to the ЕСІК input of the chip. 


Interrupt (INTRPT), Pin 30: Goes high whenever any 


of the following interrupt types has an active high con- 
dition and is enabled via the IER: X Receiver Error Flag; 
Received Data Available; Transmitter Holding Register 
Empty and MODEM Status. The INTRPT signal is reset 
to low at the appropriate interrupt service or in a Master 
Reset operation. 


Serial Output (SOUT), Pin 11: Composite serial data 
output to the communications link (peripheral, MODEM 
or data set). The SOUT signal is set to the Marking (logic 
1) state in a Master Reset operation. 


Input/Output Signals 


Data (D4;—Do) Bus, Pins 1-8: This bus comprises eight 
TRI-STATE input/output lines. The bus provides bidirec- 
tional communications between the UM8250B and the 
CPU. Data, control words, and status information are 
transferred ма the О;- Оо Data Bus. 


External Clock Input/Output(XTAL 1, XTAL 2), Pins 16 
and 17: These two pins connect the main timing reference. 
(crystal or clock signal) to the UM8250B. 


Accessible Registers 


There are 10 registers, as shown in Table 3, which may 
be accessed or controlled by the programmer via the CPU. 
These registers are used to control operations and to 
transmit and receive data. 


` 


Line Control Register 


The system programmer specifies the format of the 
asynchronous data communications exchange via the 
Line Control Register. іп addition to controlling the 
format, the programmer may retrieve the contents of 
the Line Control Register for inspection. This feature 
simplifies system programming and eliminates the need 
for separate storage in system memory of the line charac- 
teristics. Тһе contents of the Line Control Register are 
indicated in Table 3 and are described below: 


Bits 0 and 1: These two bits specify the number of bits 
in each transmitted or received serial character. The 
encoding of bits O and 1 is as follows: 
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Table 3 Summary of UM8250B Programmable Registers 





Register Address 


Receiver [Transmitter Interrupt 




































































Buffer Holding | Interrupt ident. Line MODEM Line MODEM Divisor Divisor 

Register | Register Enable Register | Control Control Status Status Latch Latch 
(Read (Write Register (Read Register | Register | Register | Register (LS) (MS) 
Only) Only) Only) 
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Enable | 
Несејмед "Qr if + и Оата Delta 
Data Data Data Terminal Clear | 
Bit 0* BitO | Available по. а Неаду toSend | ВМО Bit 8 
Interrupt g (WLSO) (DTR) (DCTS) 
(ERBFI) 











ransmitter 


























Holding Request 
Data Data Register | Interrupt to реА 
Вії 1 Ви 1 Етріу ID Send (OR) 
Interrupt | Bit (0) (RTS) 





ü 







































(ETBEI) 
Enable be 
| Trailing | 
Receiver 
Data Data Line Interrupt Edge | | 
: Š ID Ring Bit 2 Bit 10 
Bit 2 Bit 2 Status : : 
| Ви (1) Indicator 
nterrupt (TERI) 
(ELSI) 
Delt 
Enable E: ч 
МООЕМ Рагіту Framing 
ci Нас Status Enable Error Carrier Bit 3 Bit 11 
Interrupt (PEN) (FE) Detect 
(EDSSI) (Росо) 


Stick 
Parity 
Set 
Break 



































Break 
interrupt 
(ВІ) 












Data Data 
Bit 4 Bit 4 
Data Data 
Bit 5 Bit 5 
Data Data 
Bit 6 Bit 6 
Data Data 
Bit 7 Bit 7 


* Bit O is the least significant bit. It is the first bit serially transmitted or received. 


B 

B 

B 
Data 

Carrier 

Detect Bit 7 Bit 15 

(DCD) 


ransmitter 
Holding 
Register 
Empty 
(THRE) 










ransmitter 










Shift Ring 
Register | Indicator 
Empty (RI) 
(TSRE) 


Divisor 
Latch 


ШЕШЕ БЕРЕН 
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5 Bits 






Encoding of bit O and bit 1. 


Bit 2: This bit specifies the number of Stop bits in each 
transmitted or received serial character. If bit 2 is a logic О, 
1 Stop bit is generated or checked in the transmit or 
receive data, respectively. If bit 2 is a logic 1 and a 5-bit 
word length is selected via bits 0 and 1, 1% Stop bits are 
generated or checked. If bit 2 is a logic 1 and a 6-, 7-, 


or 8-bit word length is selected, 2 Stop bits are generated 
or checked. 


Bit 3: This bit is the Parity Enable bit. When bit 3 ва 
logic 1, a Parity bit is generated (transmit data) or checked 
(receive data) between the last data word bit and Stop 
bit of the serial дата. (The Parity bit is used to produce 
an even or odd number of 1s when the data word bits 
and the Parity bit are added.) 


Bit 4: This bit is the Even Parity Select bit. When bit 3 
is a logic 1 and bit 4 is a logic O, an odd number of logic 
1s is transmitted or checked in the data word bits and 
Parity bit. When bit 3 is a logic 1 and bit 4 is a logic 1, 
an even number of logic 1s are transmitted or checked. 


Bit 5: This bit is the Stick Parity bit. When bit 3 is a logic 
1 and bit 5 is a logic 1, the Parity bit is transmitted and 
then detected by the receiver as a logic O if bit 4 is a logic 
1 or a logic 1, and if bit 4 isa logic 0. 


Bit 6: This bit is the Break Control bit. When bit 6 is 
а logic 1, the serial output (SOUT) is forced to the Spacing 
(logic 0) state and remains there regardless of other trans- 
mitter activities. The set break is disabled by setting bit 
6 to a logic O. This feature enables the CPU to alert a 
terminal in a computer communications system. 


Bit 7: This bit is the Divisor Latch Access Bit (DLAB). 
It must be set high (logic 1) to access the Divisor Latches 
of the Baud Generator during a Read or Write operation. 
It must be set low (logic O) to access the Receiver Buffer, 
the Transmitter Holding Register, or the Interrupt Enable 
Register, 


Programmable Baud Rate Generator 


The UMS8250B contains a programmable Baud Rate 
Generator that is capable of taking any clock input (DC 
to 3.1 MHz) and dividing it by any divisor from 1 to 
(215—1). The output frequency of the Baud Generator 
is 16X the Baud rate [divisor #= (frequency input) = 
(baud rate x 16)]. Two 8-bit latches store the divisor in 
a 16-bit binary format. These Divisor Latches must be 
loaded during initialization in order to ensure desired 
operation of the Baud Rate Generator. Upon loading 
either of the Divisor Latches, a 16-bit Baud counter is 
immediately loaded. This prevents long counts on initial 
load. 





Tables 4 and 5 illustrate the use of the Baud Generator 
with crystal frequencies of 1.8432 MHz and 3.072 MHz 
respectively. For baud rates of 38400 and below, the 
error obtained is minimal. The accuracy of the desired 
baud rate is dependent on the crystal frequency chosen. 
The maximum operating frequency of the Baud Generator 
is 3.1 MHz. However, when using divisors of 3 and below, 


„ће maximum frequency is equal to the divisor in MHz. 


For example, if the divisor is 1, then the maximum 
frequency is 1 MHz. In no case should the data rate be 
greater than 56K Baud. 


Table 4. Baud Rates Using 1.8432 MHz Crystal 


Divisor Used 
to Generate 
16 x Clock 


Pércent Error 
Difference Between 
Desired and Actual 


Desired | 
Baud Rate 





Note: 1.8432 MHz is the standard 8080 frequency divided 
by 10. 
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Table 5. Baud Rates Using 3.072 MHz Crystal Fig. 1 and 2 show the typical application circuits of the 
UMS8250's clock generation. 


Divisor Used Percent Error 
to Generate Difference Between 
16 x Clock Desired and Actual 


Desired 
Baud Rate 


EXTERNAL 
CLOCK 





Figure 1. Clock Circuit with External Clock Signal 


XTAL 1 


UM8250B 


Component Values: 


3.1 MHz 
18 MHz 





Fiaure 2. Clock Circuit with Crystal Oscillator 
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Line Status Register 


This 8-bit register provides status information to the 
CPU concerning the data transfer. The contents of the 
Line Status Register are indicated in Table 3 and are 
described below. 


Bit 0: This bit is the receiver Data Ready (DR) indicator. 
Bit О is set to a.logic 1 whenever a complete incoming 
character has been received and transferred into the 
Receiver Buffer Register. Bit O may be reset to a logic O 
either by the CPU reading the data in the Receiver Buffer 
Register or by writing a logic O into it from the CPU. 


Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 
indicates that data in the Receiver Buffer Register was 
not read by the CPU before. the next character was 
transferred into the Receiver Buffer Register, thereby 
destroying the previous character. The OE indicator is 
reset whenever the CPU reads the contents of the Line 
Status Register. 


Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 
indicates that the received data character does not have 
the correct even or odd parity, as selected by the even- 
parity-select bit, The PE bit is set to a logic 1 upon 
detection of a parity error and is reset to a logic O 
whenever the CPU reads the contents of the Line Status 
Register. 


. Bit 3: This bit is the Framing Error (FE) indicator. ВИЗ 
X. indicates that the received character did not have a valid 


| Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit 
following the last data bit or parity bit is detected as a 
zero bit (Spacing level). 


Bit 4: This bit is the Break Interrupt (ВІ) indicator. 
Bit 4 is set to a logic 1 whenever the received data input 
is held in the Spacing (logic O) state for longer than a 
full word transmission time (that is, the total time of 
Start bit + data bits + Parity + Stop bits). 


*Note: ВІ and FE are reset whenever the CPU reads the 
contents of the Line status indicator. 


*Note: Bits 1 through 4 are the error conditions that 
produce a Receiver Line Status interrupt whenever any 
of the corresponding conditions are detected. 


Bit 5: This bit is the Transmitter Holding Register Empty 


(THRE) indicator. Ви Б indicates that the UM8250B is 


ready to accept a new character for transmission. In 
addition, this bit causes the UM8250B to issue an interrupt 
to the CPU when the Transmit Holding Register Empty 
Interrupt enable is set high. . The THRE bit is set to a 
logic 1 when a character is transferred from the Trans- 
mitter Holding Register into the Transmitter Shift Register. 
The bit is concurrently reset to logic O with the loading 
of the Transmitter Holding Register by the CPU. 


Bit 6: This bit is the Transmitter Shift Register Empty 
(TSRE) indicator. Bit 6 is set to a logic 1 whenever the 
Transmitter Shift Register is idle. It is reset to logic 0 upon 
transfer of data from the Transmitter Holding Register 
to the Transmitter Shift Register. Bit 6 is a read-only bit. 


Bit 7: This bit is permanently set to logic O. 
Interrupt Identification Register 


The UMB8250B has an on-chip interrupt capability that 
allows flexibility in interfacing popular microprocessors 
presently available. іп order to provide minimum soft- 
ware overhead during data character transfers, the UM8250B 
prioritizes interrupts into four levels. The four levels of 
interrupt conditions are as follows: Receiver Line Status 
(priority 1); Received Data Ready (priority 2); Trans- 
mitter Holding Register Empty (priority 3) and Modem 
Status (priority 4). 


Information indicating that а prioritized interrupt is 
pending and the type of that interrupt is stored in the 
Interrupt Identification Register (refer to Table 6). The 
Interrupt Identification Register (IIR), when addressed 
during chip-select time, freezes the highest priority inter- 
rupt pending and no other interrupts аге acknowledged 
until the particular interrupt is serviced by the CPU. The 
contents of the ІІН are indicated in Table 3 and are 
described below. 


Bit 0: This bit can be used in either a hardwired prioritized 
or polled environment to indicate whether an interrupt 
is pending. When bit О is a logic О, an interrupt is 
pending and the ИН contents may be used as a pointer 
to the appropriate interrupt service routine. When bit O 
is a logic 1, no interrupt is pending and polling (if used) 
continues. | 


Bits 1 and 2: These two bits of the ПВ аге used to identify 
the highest priority interrupt pending as indicated по 
Table 6. 
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Interrupt identification 


Interrupt Set and Reset Functions 


Interrupt Type 


Receiver 
Line Status 


Transmitter 
Holding Register 
Empty 


Table 6 Interrupt Control Functions 


Interrupt Source 


Overrun Error or 
Parity Error or 


Framing Error ог. 


Break Interrupt 


Transmitter 
Holding Register 
Empty 


UMS250B 





interrupt Reset Control 


Reading the 
Line Status Register 


Reading the 
Receiver Buffer Register 


Reading the 
IIR Register 
(if source of interrupt) 
or Writing into the 


MODEM 
Status 





Bits 3 through 7: These five bits of the IIR are always 
set at logic O. 


Interrupt Enable Register 


This 8-bit register enables the four types of interrupts 
of the UM8250B to separately activate the chip interrupt 
(INTRPT) output signal. 
the interrupt system by resetting bits O through 3 of the 
interrupt Enable Register. Similarly, by setting the appro- 
priate bits of this register to a logic 1, selected interrupts 
can be enabled. Disabling the interrupt system inhibits 
the Interrupt Identification Register and the active (high) 
INTRPT output from the chip. All other system functions 
operate in their normal manner, including the setting 
of the Line Status and MODEM Status Registers. The 
contents of the Interrupt Enable Register are indicated 
in Table 3 and are described below. 


Bit O: This bit enables the Received Data Available Inter- 
rupt when set to logic 1. 


It is possible to totally disable. 


Transmitter Holding 
Register 


Clear to Send or 
Data Set Ready or 
Ring ‘indicator or 
Received Line 
Signal Detect 


Reading the 
MODEM Status 
Register 


Bit 1: This bit enables the Transmitter Holding Register 
Empty Interrupt when set to logic 1. 


Bit 2: This bit enables the Receiver Line Status Interrupt 
when set to logic 1. 


Bit 3: This bit enables the MODEM Status Interrupt when 
set to logic 1. 


Bits 4 through 7: These four bits are always set at logic 
0. 


MODEM Control Register 


This 8-bit register controls the interface with the MODEM. 
or data set (or a peripheral device emulating a МОРЕМ). 
The contents of the MODEM Control Register аге indicated 
in Table 3 and are described below. 


Bit 0: This bit controls the Data Terminal Ready (DTR) 
output. When bit O is set to logic 1, the DTR output 
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is forced to a logic O. When bit О is reset to a logic 0, | 


the DTR output is forced to a logic 1. The DTR output 
of the UM8250B тау be applied to an ЕТА inverting line 
driver (such as the DS1488) to obtain the proper polarity 
input at the succeeding MODEM or data set. 


Bit 1: This bit controls the Request to Send RTS) output. 
Bit 1 affects the RTS output in a manner identical to 
that described for bit O. 


Bit 2: This bit controls the Output 1 (OUT 1) signal, 
which is an auxiliary user-designated output. Bit 2 affects 
the OUT 1 output in a manner identical to that described 
for bit O. 


Bit 3: This bit controls the Output 2 (OUT 2) signal, 
which is an auxiliary user-designated output. Bit 3 affects 
the OUT 2 output in a manner identical to that described 
for bit O. 


Bit 4: This bit provides a local loopback feature for 
diagnostic testing of the UM8250B. When bit 4 is set to 
logic 1, the following occurs: the transmitter Serial Output 
(SOUT) is set to the Marking (logic 1) state, the receiver 
Serial Input (SIN) is disconnected, the output of the 
Transmitter Shift Register is "looped баск” into the 
Receiver Shift Register input, the four MODEM Control 
inputs (CTS, DSR, DCD, and Ri) are disconnected, апа 
the four MODEM Control outputs (ОТВ, RTS, OUT 1, 
and OUT2) are internally connected to the four MODEM 
Control inputs, and the MODEM Control output pins аге 
forced to their inactive state (high). іп the diagnostic 
mode, data that is transmitted is immediately received. 
This feature allows the processor to verify the transmit- 
and received-data paths of the UM8250B. 





In the diagnostic mode, the receiver and transmitter ínter- 
.trupts are fully operational. The MODEM Control Inter- 
rupts are also operational, but the interrupts' sources are 
now the lower four bits of the MODEM Control Register 
instead of the four MODEM Control inputs. The interrupts 
are still controlled by the Interrupt Enable Register. 


The UM8250B interrupt system can be tested by writing 
into the lower six bits of the Line Status Register and 
the lower four bits of the MODEM Status Register. Setting 
any of these bits to a logic 1 generates the appropriate 
interrupt (if enabled). The resetting of these interrupts 
is the same as in normal UM8250B operation. To return 
to normal operation, the registers must be reprogrammed 
for normal operation and then bit 4 of the MODEM 
control Register must be reset to logic 0. 





UM8250B 





Bits 5 through 7: These bits are permanently set to logic 0. 


MODEM Status Register 


This 8-bit register provides the current state of the control 
lines from the MODEM (or peripheral device) to the CPU. 
In addition to this current-state information, four bits 
of the MODEM Status Register provide change information. 
These bits are set to a logic 1 whenever a control input 
from the MODEM changes state. They are reset to logic 
O whenever the CPU reads the MODEM Status Register. 


The contents of the MODEM Status Register are indicated 
in Table 3 and are described below. 


Bit 0: This bit is the Delta Clear to Send (DCTS) indicator. 
Bit O indicates that the CTS input to the chip has changed 
state since the last time it was read by the CPU. 


Bit 1: This bit is the Delta Data Set Ready (DDSR) 
indicator. Bit 1 indicates that the DSR input to the Chip 
has changed states since the last time it was read by the 
CPU. 


Bit 2: This bit is the Trailing Edge of Ring Indicator 
(TERI) detector. Bit 2 indicates that the RI input to the 
chip has changed from a low state to a high state. 


Bit 3: This bit is the Delta Data Carrier Detector (ООСО) ` 
indicator. Bit 3 indicates the DCD input to the chip has 
changed states. 


*Note that whenever bit 0, 1, 2 or 3 is set at logic 1, а 
MODEM Status interrupt is generated. 


Bit 4: This bit is the complement of the Clear to Send 
(CTS) input. If bit 4 (loop) of the МСН is set to a 1, 
this bit is equivalent to RTS in the MCR. 


Bit 5: This bit is the complement of the Data Set Ready 
(DSR) input. М bit 4 of the МСН 15 set to a 1, this bit 
is equivalent to DTR in the MCR. 


Bit 6: This bit is the complement of the Ring Indicator 
(RI) input. If bit 4 of the МСН is set to a 1, this bit is - 
equivalent to OUT 1 in the MCR. 


Bit 7: This bit is the complement of the Data Carrier 
Detect (DCD) input. If bit 4 of the MCR is set to a 1. 
This bit is equivalent to OUT 2 of the MCR. 
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UM8250B 40L DIP 
UM8250BL 441. PLCC 
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Part No. Description 

UM82C206 Integrated Peripheral Controller ................ балары 6-3 
UM82C210 Series 386SX-286 AT Chip Set.............................................. 6-67 
UM82C211 System Controller................... /—Á——— M МӨР 
UMS882C212 Memory Controller ....... CREER S ак Сс ры SC OU 6-74 
UM82C215 Data/lAddress Buffer........................................ sess... ӨВ 
UM82C230 Series 286 PC/AT Chip Set................................. кке 6 8? 
UM82C231 System/Memory Controller......................................... 6-90 
UM82C232 Data ТОР алые нь пр асан ШЧО 
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UMS2C381 System Controller ........................ уенин ниска 6-136 
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UM82C383 Data Вены 6-149 
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UMS82C388 INTEL Cache Interface...................................... U 6-165 
UM82C389 AUSTEK Cache Interface............................................. 6-177 
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FEATURES 
В Fully compatible with PC/AT architecture 


lj Fully compatible with 8237 DMA controller, 
8259 interrupt controller, 8254 
timer/counter, and 146818 real time clock 


B Provides 7 DMA channels, 13 interrupt 
request channels, 2 timer/counter channels, 
and a real time clock 


Е Built in 74LS612 memory mapper for ОМА 
page address 


| № Provides 114 bytes of CMOS RAM memory 


GENERAL DESCRIPTION 


The UM82C206 Integrated Peripheral 
Controller includes two 8237 DMA controllers, 
two 8259 interrupt controllers, one 8254 
timer/counter, опе МС146818 compatible real 
time clock,an additional 64 bytes CMOS RAM, 
one 74LS612 memory mapper, and some top 
level decoder/configuration logic circuits. It is 
a single chip integration of all main 
peripheral parts attached to the X bus of 
PC/AT architecture. While providing full 
compatibility with PC/AT architecture, the 
UM82C206 also offers some enhanced features 


UM82C206 


INTEGRATED PERIPHERAL CONTROLLER 





Ш 8 MHz DMA clock with programmable 
internal divider for 4 MHz operation 


В 16M byte DMA address space 


Е Programmable wait states for the DMA 
cycle 


В Reduced recovery time (120ns) between I/O 
operations 


and improved speed performance. These 


include an additional 64 bytes of user 
definable CMOS RAM in real time clock and 
drastically reduced recovery time for the 8237, 
8259 and 8254. Programmable wait state option 
is provided for the DMA cycles and CPU I/O 
cycles accessing this chip. This chip also 
provides programmable 8 or 4 MHz DMA 
clock selection. The UM82C206 is implemented 
using advanced 15а CMOS design technology 
and is packaged in an 84-pin PLCC. 
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PIN CONFIGURATION 
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Figure 1. Pin Assignment 
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Figure 2. UM82C206 Block Diagram 
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PIN DESCRIPTION 


Clock and Control 


21 SYSCLK CLOCK INPUT is used to generate the timing signals for 
DMA operation. This pin can be driven to 10 MHz frequency. 
Тһе internal clock used for DMA operation is either 
SYSCLK or SYSCLK/2 which is a programmable option. 

12 OSCI I OSCILLATOR INPUT is used to generate the time base for 
the time function of real time clock. External square waves 
of 32.768 KHz may be connected to this pin. 


18 RESET I RESET is an active high input which affects the following 
registers: 
DMA controller: Clears the command, status, request, 
temporary registers, byte pointer flip flop. Sets the mask 
register. Following reset, DMA controller is in the idle state. 
INTERRUPT controller: Clears the edge sense circuit, mask 
registers, all ICW4 functions. IRQO is assigned the highest 
priority. Slave address is set to 7. Special mask mode is dis- 
able and status read is set to IRR. 


68 IOCHRDY} I/O I/O CHANNEL READY is a bidirectional pin. 

In the input mode, it is used to extend the memory read or 
write pulses for the DMA controller to access slow memories 
or I/O devices. It must satisfy setup and hold times with 
respect to the DMA internal clock in order to work reliably. 
A low on IOCHRDY causes the internal DMA ready signal 
to go low asynchronously. When IOCHRDY goes high, one 
DMA clock cycle will elapse before internal DMA ready 
signal goes high. 

In the output mode, it is an open drain output and provides 
an active low output whenever a UM82C206 internal 
register is accessed. It will remain low for a 
pre-programmed number of DMA internal clock cycles (as 
controlled by bits 7 and 6 of UM82C206 configuration 
register) and then goes high. In this way, IOCHRDY can 
insert wait states (as counted by ОМА internal Clock cycles) 
when CPU accesses the UM82C206 internal registers. This 
pin must be pulled up by an external resistor. па PC/AT 
architecture based design this pin should be wire-ORed to 
the PC/AT's IOCHRDY signal. 
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Ріп Мо. Symbol 


24-31 XD7-XD0 
35-43 ` ХА8-ХАО | 1/0 
34 ХА9 І 
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Description 


X DATA BUS are state bidirectional pins which are 
connected to the XD bus in PC/AT architecture design. 


During CPU I/O read cycles, these they are output pins to 
read out the contents of UM82C206 internal registers. 


During CPU I/O write cycles, these are input pins to let 
CPU program the contents of UM82C206 internal registers. 


During DMA cycles, the most significant 8 bits of the 
address are ouput onto these pins to be strobed into an 
external latch by ADSTB8 ог ADSTBI6. During DMA 
memory-to-memory transfers, data from the memory comes 
into the DMA controller via these pins and stores in the 
internal temporary register during read from the memory 
partial cycle. In the write to memory partial cycle, the data 
stored in the temporary register will output via these pins 
again and write into the new memory location. 


During the interrupt acknowledge cycle, the interrupt 
controllers output the interrupt vector byte via these pins. 
These pins are also used as the multiplexed address/data 
bus for the real time clock and the CMOS RAM accesses. 


X ADDRESS BUS are connected to the XA bus in PC/AT 
architecture design. XA&XAO pins are bidirectional pins. 
ХА9 is an input only pin. 


During CPU I/O accesses to the UM82C206, XA9-XA0 are 
used to address configuration register and the internal 
registers of 8237s, 82095, 8254, MC146818, CMOS RAM, 
141,5612. 


During а CPU cycle, ХАЗХАО pins аге used by the CPU to 
address the registers of the DMA controller corresponding 
to DMA channels 0-3. ХА4-ХА1 pins аге used by the CPU to 
address the registers of the DMA controller corresponding 
to DMA channels 5-7. 


During а DMA cycle, ХА7-ХАО pins are outputs and carry 
address information for ОМА channels 0-3. ХА8-ХА1 pins 
are outputs and carry address information for DMA 
channels 5-7. 
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54 ХОК“ I/O 


52 XIOW* 
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44-47 DREQO- 
DREQ3 
60-58 
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Description 


X I/O READ is a bidirectional active low 3-state pin. In a non 
DMA or non interrupt cycle, it is an input control signal 
used by the CPU to read the UM82C206 internal registers. In 
an active DMA cycle, it is an output control signal used by 
the DMA controller to access data from a peripheral during 
a DMA write memory transfer. 


X I/O WRITE is a bidirectional active low 3 state pin. In a 
non DMA or non interrupt cycle, it is an input control signal 
used by the CPU to write the UM82C206 internal registers. 
In an active DMA cycle, it is an output control signal used 
by the DMA controller to write data to a peripheral during a 
DMA read memory transfer. 


ОМА MEMORY READ 15 an active low 3-state output pin 
used to access data from the selected memory location 
during ОМА read memory or memory-to- memory transfer. 


DMA MEMORY WRITE is an active low 3-state output pin 
used to write data to the selected memory location during 
DMA write memory or memory-to- memory transfer. 


HOLD ACKNOWLEDGE 1 is an active high signal from the 
UM82C211C to indicate that the CPU has relinquished 
control of the system busses. 


HOLD REQUEST is an active high output to the 
UM82C211C to request control of the system bus. When a 
DREQ occurs and the corresponding mask bit is clear, or a 
software DMA request is made, the DMA controller issues 
HRQ to the UM&2C211C. After CPU releases the system bus, 
the UM82C211C then issues a HLDA1 back to the UM82C206 
if DMA has been permitted to control the system bus. 


DMA REQUEST is an asynchronous DMA channel request 
input for each DMA channel. In fixed priority, DREQO has 
the highest priority and DREQ/ has the lowest priority. A 
periphal device will activate a DREQ line if it needs a DMA 
service. DACK will acknowledge the recognition of DREQ 
request. DREQ must be maintained until the corresponding 
DACK goes active. DREQ will not be recognized while the 
DMA clock is stopped. Unused DREQ inputs should be kept 
inactive and the corresponding mask bit should be set to 
avoid an undesired DMA function. Polarity of DREQ is 
programmable. Reset initializes these lines to active high. 
DREQO-DREQ3 support 8-bit transfers between 8-bit I/O 
device and 8 or 16-bit system memory. DREQ5-DREQ7 
support 16-bit transfers between 16-bit I/O device and 16-bit 
system memory. DREQ4 is not externally available and is 
used to cascade DREQO-DREQ3. 
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48-51 


57-55 


65 


63 


64 





TERMINAL COUNT is an active high signal. It indicates 
the completion of DMA services. A pulse is generated by the 
DMA controller when terminal count for any channel is 
reached except for channel 0 in memory-to-memory transfer 
mode. During memory-to-memory transfer terminal count 
will be generated when the terminal count for channel 1 
occurs. When a TC pulse occurs, the DMA controller will 
terminate the service, and if auto-initialize is enabled, the 
base registers will be written to the current registers of 
that channel. The mask bit and TC bit in the status register 
will be set for the currently active channel unless the 
channel is programmed for auto-initialization. In that case, 
the mask bit remains clear. 


DMA ACKNOWLEDGE is used to notify the individual 
peripherals when one has been granted a DMA cycle. 
Because these signals are used internally for cascading the 
DMA channels and for DMA page register selection, they 
must be programmed to active low and cannot be changed. 
Reset initializes them to active low. 


ADDRESS STROBE 8 is an active high output. It is used to 
latch the upper address byte XA8-XA15 for 8-bit peripheral 
devices. During DMA block transfers, ADSTBS will only be 
issued when the upper address byte must be updated, thus 
speeding transfer through elimination of 51 states of DMA 
cycles. ADSTBS is active for DMA channels 0-3. 


ADDRESS STROBE 16 is an active high output. It is used to 
latch the upper address byte XA9-X A16 for 16-bit peripheral 
devices. During DMA block transfers, ADSTBI6 will only be 
issued when the upper address byte must be updated, thus 
speeding transfer through elimination of 51 states of DMA 
cycles. ADSTBI6 is active for DMA channels 5-7. 


ADDRESS ENABLE 8 is an active low output. It is used to 
enable the latch of the upper address byte ХА8-ХА15 for 
&bit peripheral devices. It is inactive when external bus 
master controls the system bus. АЕМ8* is active for DMA 
channels 0-3. 


ADDRESS ENABLE 16 is an active low output. It is used to 
enable the latch of the upper address byte ХА9-ХА16 for 
16-bit peripheral devices. It is inactive when external bus 
master controls the system bus. AEN16* is active for DMA 
channels 5-7. 
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33 ACK* MODULE SELECT ENABLE is a two purpose input. When 
(MSE) high, it enables the chip select function on one of the modules 
of UM82C206 for the CPU programming functions. When low, 
the UM82C206 is essentially disconnected from the system bus 
and is capable of performing an active DMA or an interrupt 
cycle. In a PC/AT architecture design, it is tied to ACK* 
signal of main board. 


115 А23-А17 
13 ХА16 


А23-А17 апа ХА16 аге 3-5їаїе output pins. А23- A17 are Ше 
upper 7 bits of the DMA page register. ХА16 is Ше least 
significant bit of the DMA page register and is used for DMA 
transfers for 8-bit peripheral devices only. ХА16 is not used 
for 16-bit DMA transfers as ХА16-ХА9 being provided by 
demultiplexing the data bus. 


INTERRUPT REQUESTS are asynchronous inputs. When 
8250 is operating in edge triggered mode, an interrupt request 





76- 

82 
is executed by raising ап IRQ input low to high and holding it 

83 high until it is acknowledged by CPU. 

84 When 8259isoperating in level triggered mode, an interrupt 

request is executed by raising an IRQ input high and holding 

1- it high until it is ack nowledged by CPU. 

3 | 

4 

16 INTA* INTERRUPT ACKNOWLEDGE is an active low input. It is 
used to enable the interrupt controllers to output the vector 
data on to the data bus by an interrupt acknowledge sequence 
from the CPU. 

70 INTR INTERRUPT REQUEST is an active high output pin. It is 

. connected to the CPU's interrupt pin and is used to interrupt 
the CPU when an interrupt request occurs. 

23 TMRCLK TIMER CLOCK is an input clock for 8254 counter 0, counter 1 
and counter 2. Іп PC/AT architecture design, it is 
approximately 1.19 MHz. 

22 GATE2 GATE 2 is a gate input for 8254 counter 2. In PC/AT 
architecture design, the counter 2 is used for tone generation 
for speaker. It is driven by bit 0 of I/O port 61h. 

20 OUTI OUT 1 is an output of 8254 counter 1. In PC/AT architecture 
design, the counter 1 is programmed as a rate generator to 
produce a 15 usec period signal for DRAM refresh. 

19 OUT2 OUT 2 is an output of 8254 counter 2. In PC/AT architecture 
design, counter 2 is used for tone generation for speaker. 
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ADDRESS STROBE 15 an active high input. It is pulsed Бу 
UM82C211C when CPU accesses the real time clock or 
CMOS RAM of the UM82C206. The falling edge of this pulse 
latches the address from the XD bus. 


POWER SUPPLY STROBE is an active low input. It is used 
to establish the condition of the control registers of real 
time clock when power is applied to the device. In PC/AT 
architecture design, it should be tied to the battery back-up 
circuit. When PSRSTB* and TEST are both low, the follow- 
ing occurs: 


(a) Periodic Interrupt Enable (PIE) bit is cleared to zero. 

(b) Alarm Interrupt Enable (AIE) bit is cleared to zero. 

(c) Update ended Interrupt Enable (UIE) bit is cleared to 
zero. 

(d) Update ended Interrupt Flag (UF) bit is cleared to zero. 

(e) Interrupt Request status Flag (IRQF) is cleared to zero. 

(f) Periodic Interrupt Flag (PF) bit is cleared to zero. 

(g) The part is not accessible. 

(h) Alarm interrupt Flag (AF) bit is cleared to zero. 

(1) Square Wave output enable bit is cleared to zero. 


POWER GOOD is an active high input and is connected to 
the power good of the power supply in PC/AT architecture 
design. It must be high for bus cycles in which the CPU 
accesses the real time clock. When it is low, all address, data, 
data strobe and R/W pins are disconnected from the 
processor. 


TEST is an active high input to enable the chip testing for 
production. It should be tied low for normal operation. 


POWER SUPPLY 


GROUND 
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FUNCTIONAL/REGISTER DESCRIPTION 


TOP LEVEL DECODER AND CONFIGURATION REGISTER 


The UM82C206 top level decoder provides 8 
separate enables to various subsystems of the 
device. Table 1. contains a truth table for the top 
level decoder. The enabling of the UM82C206 
XDO0-XD7 output buffers is also controlled by 
this section. The output buffers are enabled 


Table 1. UM82C206 Internal Decode 





UM82C206 


whenever an enable is generated to an internal 
subsystem and the XIOR* signal is also asserted. 
The decoder is enabled by signals ACK*, ХА9, 
XA8. To enable any internal subsystem ACK* 
must be Тапа both XA9 and ХА8 must be 0. 





ACK ХАО ХАВ ХАТ XAG ХАБ XA4 ХАЗ XA2 ХАТ XAO ADDRESS — SELECTED 
На | 7 RANGE(HEX) DEVICE 

1 0 0 0000 X X X X  000-00F юма 

1 000010000 X 020-021 ма 

1 000601 0 0 0 1 X 02-3 ОИ 

10001000 0 X X 0003 CE 

1 0001110001 с RTC 

1 001000 X X X X 080-087 рне 

1 00 101000 0 X 0Ю4М м 

1 00 1 1 0 X X X X X OF 0416 

0 X X X X X X X XXX DISABLED 

X 1 X X X X X X X x x DISABLED 

X X 1 X XX X X»xxxx DISABLED 
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Configuration Register 


Index register port : 22H 
Data register port : 23H 
Index : 01H 


Bits Function 

1-6 These bits contain the information of wait states inserted when the CPU accesses the 
registers of UM82C206. Wait states are counted as SYSCLK clock cycles and are not affected 
by the DMA clock selection. 









6 | Register I/O R/W wait states 5 

Š 

0 0 1 2 

0 1 2 5 

1 0 3 а 
1 1 4 (default) 


5-4 These bits contain the information of wait states inserted in 16 bit DMA cycles. Further 
control of the DMA cycle length is available through the use of the IOCHRDY pin of the 
UM82C206. During DMA cycle this pin is used as an input to the wait state generation logic 
to extend the cycle if necessary. 2 





4|16 bit DMA wait states 


0 0 1 (default) 
0 1 2 
10 3 
1 1 4 


32 | These bits contain the information of wait states inserted in 8 bit DMA cycles. Further 
control of the DMA cycle length is available through the use of the IOCHRDY pin of the 
UM82C206. During DMA cycle this pin is used as an input to the wait state generation logic 
to extend the cycle if necessary. 






2|8 bit ОМА wait states 


00 1 (default) 
01 2 
10 3 
11 4 


1 EMR bit enables the early РМАМЕМЕ“ function. In IBM PC/AT design DMAMEMR'" is 
. delayed one clock cycle later than XMEMR*. If set to 1, it will start DMAMEMR* at the same 
time as ХМЕМЕ“. If set to 0, it will start DMAMEMR* as an IBM PC/AT design (default). 


0 CLK bit selects the DMA clock. If this bit set to 0, the SYSCLK input is divided by two and is 
used to drive both the &bit and 16-bit DMA subsystems (default). If this bit is set to 1, the 
SYSCLK will directly drive the DMA subsystems. Whenever the state of this bit is changed, 
an internal synchronizer controls the actual switching of the clock to prevent a short clock 
pulse from causing a DMA malfunction 
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ОМА SUBSYSTEM 


Тһе UM82C206 contains two 8237 DMA 
controllers. Each controller is a four channel 
DMA device which will generate the memory 
addresses and control signals necessary to 
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РОМА provides the cascade interconnection of 
the two DMA devices, thereby maintaining PC/ 
AT compatibility. Hereinafter, the description 
of the DMA subsystem pertains to both DMA8 


transfer data between a peripheral device and апа DMAI6 unless otherwise noted. 
memory directly. The two DMA controllers are 
internally cascaded to provide four DMA 
channels for transfers to 8-bit peripherals 
(DMA8), and three channels for transfers to 


16-bit peripherals (DMA16) The channel 0 of 


ОМА ПО Address Мар 


The I/O address map of the DMA subsystem of 
~ UM82C206 is listed in Table 2. The mapping is 
fully compatible with PC/AT architecture. 


Table 2. DMA Subsystem I/O Address Map 





ADDRESS OPERATION 
DMAB8 ОМА16| ХОК” XIOW* 


92 
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REGISTER 


POINTER FUNCTION 


000H ОСОН 01 0 Read channel 0 current address low byte 

0 1 1 Read channel 0 current address high byte 

10 0 Write channel 0 base and current address low byte 

10 1 Write channel 0 base and current address high byte 
001H 0С2Н 0 1 0 Read channel 0 current word count low byte 

0 1 1 Read channel 0 current word count high byte 

1 0 0 Write channel 0 base and current word count low byte 

10 1 Write channel 0 base and current word count high byte 
002H 0САН 0 1 0 Read channel 1 current address low byte 

0 1 1 Read channel 1 current address high byte 

10 0 Write channel 1 base and current address low byte 

10 1 Write channel 1 base and current address high byte 
003H 0С6Н 0 1 0 Read channel 1 current word count low byte 

0 1 1 Read channel 1 current word count high byte 

10 0 Write channel 1 base and current word count low byte 

10 1 Write channel 1 base and current word count high byte 
004H 0С8Н 0 1 0 Read channel 2 current address low byte 

01 1 Read channel 2 current address high byte 

1 0 0 Write channel 2 base and current address low byte 

1 0 1 Write channel 2 base and current address high byte 
005Н ОСАН 0 1 0 Read channel 2 current word count low byte 

01 . 1 Read channel 2 current word count high byte 

10 0 Write channel 2 base and current word count low byte 

10 1 Write channel 2 base and current word count high byte 
006H 0ССН 


Read channel 3 current address low byte | 

Read channel 3 current address high byte 

Write channel 3 base and current address low byte 
Write channel 3 base and current address high byte 
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008H 
009H 
00AH 
00BH 
00CH 
00DH 
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FUNCTION 


Read channel 3 current word count low byte 

Read channel 3 current word count high byte 

Write channel 3 base and current word count low byte 
Write channel 3 base and current word count high byte 


Read status register 
Write command register 


Read DMA request register 
Write DMA request register 


Read command register 
Write single bit DMA request mask register 
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Read mode register 
Write mode register 


Set byte pointer flip/flop 
Clear byte pointer flip/flop 


Read temporary register 
Master clear 


Clear mode register counter 
Clear all DMA request mask register bits 


Read all DMA request mask register bits 
Write all DMA request mask register bits 
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ОМА Operation 


During normal operation of the UM82C206, the 
DMA subsystem will be in either the idle 
condition, the program condition or the active 
condition. When DMA controller is in the idle 
condition, it only executes the SI idle state 
cycles. The DMA controller will remain in the 
idle condition unless it has been initialized to 
work and one of the DMA request pins has been 
asserted. In that case, the DMA controller will 
exit the idle condition and enter the active 
condition. The DMA controller will also exit the 
idle condition and enter the program condition 
when CPU attempts to access its internal regis- 
ters. 


ide Condition 


When no peripherals request service, the DMA 
subsystem will enter the idle condition and 
perform only the SI idle states. During this time 
the UM 82C206 will sample the DREQ input pins 
every clock cycle to determine if any peripheral 
is requesting a DMA service. The internal select 
from the top level decoder and HLDAI input pin 
will also sample at the same time to determine if 
the CPU is attempting to access the internal 
registers. With either of the above two 
conditions satisfied, the DMA subsystem will 
exit the idle condition and enter the program 
condition or the active condition. Note that the 
program condition has priority over the active 
condition since a CPU cycle has already started 
before DMA has been granted use of the bus. 


Program Condition 


The DMA subsystem will enter the program 
condition whenever HLDA1 input pin is inactive 
and an internal select from top level decoder is 
active. During this time, the address lines 
XA0-X A3 become inputs if ОМАВ is selected, or 
ХА1-ХА4 become inputs if DMA16 is selected. 
These address inputs are used to decode the 
DMA controller registers which are to be 


UM82C206 


accessed. The XIOR* and XIOW* are used to 


select and time the CPU reads or writes. When 
ОМА\6 is selected, the ХАО is not used to decode 
and is ignored. Due to the large number and size 
of the internal registers of the DMA subsystem, 
an internal byte pointer flip/flop is used to 
supplement the addressing of the 16-bit word 
count and address registers. This byte pointer is 
used to determine the upper or lower byte of the 
word count and address registers. This byte 
pointer flip/flop is cleared by hardware RESET 
or a master clear command. It may also be set or 
cleared by the CPU's set byte pointer flip/flop' 
or clear byte pointer flip/flop commands. There 
are special commands supported by the DMA 
subsystem in the program condition. These 
commands do not use the data bus but are 
derived from a set of addresses, the internal 
select and XIOR* or XIOW*. These commands 
are listed at the end of table 2. Erratic operation 
of the UM82C206 can occur if a request for 
service occurs on an unmasked DMA channel 
which is being programmed. The channel 
should be masked or the DMA should be 
disabled to prevent the UM82C206 from 
attempting to service a peripheral with a 
channel which is only partially programmed. 


Active Condition 


The DMA subsystem will enter the active 
condition whenever a software request occurs 
or a DMA request occurrs on an unmasked 
channel which has already been programmed. 
When a DREQ occurs and the corresponding 
mask bit is clear, or a software DMA request is 
made, the DMA subsystem issues HRQ to the 
UM82C211C. After CPU releases the system bus, 
the UM82C211C then issues а HLDAI back to 
the UM82C206 if DMA has been permitted to 
control the system bus. After being granted 
control of the bus, the DMA subsystem will then 
begin a DMA transfer cycle. Take DMA read 


` cycle as an example. After receiving а DREQ, 
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the UMS82C206 will issue а HRQ to the 
ОМ82С211С. Until а HLDAL is returned, the 
DMA subsystem will remain in an idle condi- 
tion. On the next clock cycle the DMA will exit 
idle and enter 50 state. During S0 the DMA will 
resolve priority and issue DACK on the highest 
priority channel which is requesting service. 
Тһе DMA will then enter 51 state where the 
multiplexed addresses are output and latched. 
The DMA will then enter S2 State where the 
UM82C206 asserts DMAMEMR* command. The 
DMA will then enter S3 state where the 
UM82C206 asserts XIOW* command. The ОМА 
wil then remain in S3 until the wait state 
counter has expired and IOCHRDY is high. Note 
that at least one additional S3 will occur unless 
compressed timing is programmed. Once a 
ready condition is detected, the DMA will enter 
S4 where DMAMEMR* and XIOW* are 
deasserted. In. compressed mode and demand 
mode, subsequent transfers will begin in S2 
unless the intermediate addresses require 
updating. In these subsequent transfers the 
lower addresses are changed in S2. 


Transfer Modes 


There are four transfer modes supported by the 
DMA. They are single transfer mode, block 
transfer mode, demand transfer mode and 
cascade mode. The DMA can be programmed on 
a channel by channel basis to operate in one of 
these four modes. 


Single Transfer Mode - In this mode the DMA 
will execute only one cycle at a time. DREQ 
must be held active until DACK becomes active 
in order to be recognized. If DREQ is held active 
throughout the single transfer, Ше UM82C206 
will deassert HRQ and release the bus to the 
system once the transfer is complete. After 
НГОА1 has gone inactive the UM82C206 will 
again assert HRQ and execute another transfer 
on the same channel unless a request from a 
higher priority channel has been received. In 
single transfer mode the CPU is ensured of at 
least one full machine cycle execution between 
DMA transfers. Following each transfer the 
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word count register is decreased and the 
address register is increased or decrased 
depending on the DEC bit of mode register. 
When the word count decrements from 0000H to 
FFFFH the terminal count bit in the status 
register is set and a pulse is output to TC pin. If 
the autoinitialization is selected, the channel 
will reinitialize itself for the next service. 
Otherwise, the DMA will set the cor_ 
responding DMA request bit mask and suspend 
transferring on that channel. 


Block Transfer Mode - In this mode the DMA 
will begin transfers in response to either a 
DREQ or a software request. If DREQ starts the 
transfers, it need only be held active until 


DACK becomes active. The transfers will con- . 


tinue until the word count decrements from 
0000H to FFFFH, at which time TC pin is pulsed 
and the terminal count bit of status register is 
set. Again, an autoinitialization will occur at the 
end of the last service if the channel has been 
programmed to do so. 


Demand Transfer Mode - In this mode the DMA 
will begin transfers in response to the assertion 
of DREQ and will continue until either terminal 
count is reached or DREQ becomes inactive. 
This mode is normally used for peripherals 
which have limited buffering capacity. The 
peripheral can initiate a transfer and continue 
until its buffer capacity is exhausted. The 
peripheral may then re-establish service by 
again asserting DREQ. During idle periods 
between transfers the CPU is released to 


operate and can monitor the operation by 


reading intermediate values from the address 


and word count register. Once DREQ has been · 


deasserted, higher priority channels are allowed 
to intervene. Reaching terminal count will 
result in the generation of a pulse on TC pin, the 
setting of the terminal count bit in the status 
register and autoinitialization if programmed to 
do so. 

Cascade Mode This mode is used to 
interconnect more than one DMA controller, to 


` extend the number of DMA channels while 
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preserving the priority chain. In cascade mode 
the master DMA controller does not generate 
address or control signals The DREQ and 
DACK signals of the master are used to in- 
terface the HRQ and HLDAI signals of the slave 
DMA devices. Once the master has received a 
НГОА1 from the CPU in response to a DREQ 
caused by the HRQ from a slave DMA controller, 
the master DMA controller will ignore all in- 
puts except HLDA1 from the CPU and DREQ оп 
active channel. This prevents conflicts between 
the DMA devices. 


Figure 3. shows the cascade interconnection for 
two levels of DMA devices. Note that channel 0 
of DMA16 is internally connected for cascade 
mode to DMA8. Additional devices can be 
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cascaded to the available channels in either 
DMAS ог ОМА16 since cascade is not limited to 
two levels of DMA controllers. 


When programming cascaded controllers, begin 
with the device which is actually generating 
HRQ to the system (first level device) and then 
proceed to the second level devices RESET 
causes the DACK* outputs to become active low 
and are placed in the inactive state. To allow the 
internal cascade between DMA8 and ОМАТ6 to 
function correctly, the active low state of 
DACK* should not be modified. The first level 
devices DMA request mask bits will prevent 
second level cascaded devices from generating 
unwanted hold requests during the initialization 
process. 
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Transfer — Types 


Single transfer mode, block transfer mode and 
demand transfer mode can perform any of the 
three transfer types. These three transfer types 
are read , write and verify transfers. 

Read Transfers - These transfers move data 
from memory to an I/O peripheral by 
generating the memory address and asserting 
DMAMEMR* and XIOW* during the same 
transfer cycle. | 


Write Transfers - These transfers move data 
from an I/O peripheral to memory by 
generating the memory address and asserting 


DMAMEMW* and XIOR* during the same 


transfer cycle. 


Verify Transfers - The verify transfers are 
pseudo transfers. In this type of transfer the 
DMA will operate as in read or write transfers 
by generating HRQ, DACK, memory addresses 
and respond to the terminal count. But it does 
not activate the memory and I/O command 
signals. Since no transfer actually takes place 
IOCHRDY is also ignored during verify 
transfers. 


Memory-to-Memory Transfers - Іп addition to 
the above three transfer types, there is also a 
memory-to-memory transfer which can only be 
used on DMA channel 0 and channel 1. The 
memory-to-memory transfer is used to move a 
block of memory from one location in memory 
to another. DMA channels 0 and 1 may be 
programmed to operate as memory-to-memory 
channels by setting a bit in the DMA command 
register. Once programmed to do so the transfer 
can be started by generating either a software 
or an external request to channel 0. During the 
transfer, channel 0 provides the address for the 
source block during the memory read portion of 
the transfer, channel 1 generates the address for 
the destination block during the memory write 
portion of the same transfer. During the read 
portion transfer, a byte of data is latched in the 
internal temporary register of DMA. The 
contents of this register are then output on the 
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XD0-XD7 output pins during the write portion 
of the transfer and subsequently written to 
memory location. Channel 0 may be pro- 
grammed to maintain the same source address 
on every transfer. This allows the CPU to 
initialize large blocks of memory with the same 
value. The DMA subsystem will continue 
performing transfers until channel 1 reaches 
the terminal count. 


Autoinitialization 


The mode register of each DMA channel 
contains a bit which will cause the channel to 
reinitialize after reaching terminal count. 
During autoinitialization , the base address 


and base word count registers, which were 


originally programmed by the CPU, are 
reloaded into the current address and current 
word count registers. The base registers remain 
unchanged during DMA active cycles and can 
only be changed by the CPU. If the channel has 
been programmed to autoinitialize, the request 
mask bit will remain cleared upon reaching 
terminal count. This allows the DMA to 
continue operation without CPU intervention. In 
memory-to-memory transfers the word count 
registers of both channel 0 and channel 1 must 
be programmed with the same starting value 
for full autoinitialization. 


DREQ Priority 


The UM82C206 supports two types of priority 
schemes which are software programmable. 
They are fixed priority and rotating priority. 
Fixed priority assigns priority based on channel 
position. In this method channel 0 is assigned 
the highest priority and channel 3 1s the lowest 
priority. After the recognition of any one 
channel for service, the other channels are 
prevented from interfering with that service 
until it is completed. In rotating priority, the 
ordering of priority from channel 0 to channel 3 
is maintained but the actual assignment of 
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priority changes. The channel most recently 
serviced will be assigned the lowest priority and 
since the order of priority assignment remains 
fixed, the remaining three channels rotate 
. accordingly. The rotating priority assignment is 
illustrated in Figure 4. In instances where 
multiple requests occur at the same time, the 


Н irs 
: Priority Arbitration 


Highest channel О 
channel 2 


Lowest channel 3 


: Second 
‚ Arbitration 


Channel O 


channel 1 


ОМ82С206 will issue a HRQ but will not freeze 
the priority logic until HLDA1 is returned. 
Once HLDAI becomes active the priority logic is 
frozen and DACK is asserted on the highest 
requesting channel. Priority will not be reevalu- 
ated until HLDA] has been deactivated. 


: Third : 
: Arbitration 3 
рага 


channel 0 


| < est | 
| валет 19-88 51) | 


channel 1 


Channel 2 


= Requested Channel 


Figure 4. Rotating Priority Scheme 





Address Generation 

Eight intermediate bits of the address are 
multiplexed onto the data lines during active 
cycles of the ОМА. This reduces the number of 
pins required by the DMA subsystem. During Sl 
state, the intermediate addresses are out- put on 
data lines XD0-XD7. These addresses should be 
externally latched and used to drive the system 
address bus. Since DMAS is used for 848 
transfers and DMA16 is used for 16-bit transfers, 
a l-bit skew occurs in the intermediate 
address fields: DMA8 will therefore output 
addresses A8-A15 on the data bus at this time 
whereas ОМА16 will output A9-A16. A separate 
set of latch and enable signals are provided for 
both DMA8 and DMAI16 to accommodate the 
address skew. 


During 8-bit DMA transfers, in which РАМ8 is 


active, the UM82C206 will out- put the lower 


8-bits of address on ХА0-ХА7. The intermediate 
8bits of add- ress will be output on XDO-XD7 
and ADSTBS will be asserted for one DMA 
clock cycle. The falling edge of ADSTBS is used 
to latch the intermediate address- es A8-A15. An 
enable signal, AENS, issused to control the 
output drivers of the external latch. A16-A23 are 
also generated at this time from a DMA page 
register in the UM82C206. Note that А16 is 
output on the ХА16 pin of the device. 


During 16-bit DMA transfers, in which РАМ16 
is active, the UM82C206 will output the lower 
8-bits of address on ХА1-ХА8. The intermediate 
8-bits of address A9-A16 will be output on 
XD0-XD7 and ADSTB16 will be asserted for one 
ОМА clock cycle. The falling edge of ADSTBI6 
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is used to latch the іп- termediate addresses 
А9-А16. An enable signal, АЕМ16, issued to 
control the output drivers of the external latch. 
A17-A23 are also generated at this time from a 
DMA page register in the UM82C206. Note that 
ХА0 and ХА16 remain 3-state during 16-bit 
DMA transfers. 

The DMA page registers are a set of 16 856 
registers in the UM82C206 which are used to 
generate the high order addresses during DMA 
cycles. Only 8 of the registers are actually used 
but all 16 were included to maintaim PC/AT 
compatibility. Each DMA channel has a page 
register associated with it with the exception of 
channel 0 of DMAI6 which is used for internal 


10М82С206 


cascading to ОМА8. Assignment of each of 
these registers is shown in Table 3. along with 
its CPU I/O read/write address. | 
During demand and block transfers, the 
ОМ82С206 generates multiple sequen- tial 
transfers. For most of these transfers the 
information in the external address latches will 
remain the same, eliminating the need to be 
relatched. Since the need to update the latches 
occurs only when a carry or borrow from the 
lower 8-bits of the address counter exists, the 
UMS2C206 will only update the latch contents 
when necessary. The UM82C206 will therefore 
only execute Sl state when necessary and 
improve the overall system throughput. 


Table 3. ОМА Page Register 1/О Address Map 












082Н 


087Н 
089Н 
08ВН 
08DH 


ОВЕН 
ОВЕН 


I/O ADDRESS ТУРЕ 















DMAS channel 1 (DACK1) 
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Compressed Timing 


The DMA subsystem in the UM82C206 can be 
programmed to transfer a word in as few as 2 
DMA clock cycles. Normal transfers require 4 
DMA clock cycles since S3 is executed twice due 
to the one wait state insertion. In systems 
capable of supporting higher throughput, the 
UM82C206 can be programmed to omit one 53 
and assert both commands in S2. S2 begins the 
cycle by generat- ing the address and asserting 
both commands. One S3 cycle is executed and 
the cycle terminates in 54. If compressed timing 
is selected, TC will be output in S2 and 51 cycles 
will be executed as necessary to update the 
address latch. Note that compressed timing is 
not allowed for memory-to- memory transfers. 


Register Description 
Current Address Register 


Each DMA channel has a 16-bit current address 
register which holds the address used during 
transfers. Each channel can be programmed to 
increment or decrement this register whenever 
a transfer is completed. This register can be 
read or written by the CPU in consecutive 8-bit 
bytes. If autoinitialization is selected, this 
register will be reloaded from the base address 
register upon reaching terminal count in the 
current word count register. Channel 0 can be 
prevented from incrementing or decrementing 
by setting the address hold bit in the command 
register. 


Current Word Count Register 


Each channel has a current word count register 
which determines the number of transfers. The 
actual number of transfers performed will be 
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one greater than the value programmed into the 
register. The register 15 decremented after each 
transfer until it goes from zero to FFFFH. When 
this roll-over occurs the UM82C206 will generate 
ТС and either suspend operation on that 
channel and set the appropriate request mask 
bit or autoinitialize and continue. 


Base Address Register 


Associated with each Current Address Register 
is a Base Address Register. This is a write only 
register which is loaded by the CPU when 
writing to the Current Address Register. The 
purpose of this register is to store the initial 
value of the Current Address Register for 
autoinitialization. The contents of this register 
are loaded into the Current Address Register 
whenever terminal count is reached and the 
Autoinitialize Bit is set. 


Base Word Count Register 


This register preserves the initial value of the 
Current Word Count Register. It is also a write 
only register which is loaded by writing to the 
|Current Word Count Register. This register is 
loaded into the Current Word Count Register 
during autoinitialization. 


Command Register 


This register controls the overall operation of a 
DMA subsystem. The register can be read or 
written by the CPU and is cleared by either 


. RESET or a Master Clear command. 
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Command Register Format ( Read/Write ) 


Bits Function 


7 РАК - Writing a "0" to this bit males DACK an active low out- pin. Writing a "]" to this 
bit makes DACK an active high output pin. 


6 ОКО - Writing a "0" to this bit makes DREQ an active high input pin. Writing a 1" to 
this bit makes DREQ an active low input pin. 


5 EW - Writing а "1" to this bit enables Extended Write feature. It causes the write 
command to be asserted one DMA cycle earlier during a transfer. Thus read and write 
commands both begin in state S2 when enabled. 


4 RP - Writing a "1" to this bit selects a Rotating Priority scheme for honoring DMA 
requests. Тһе default condition is fixed priority. 
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3 CT - Writing а 1" to this bit enables Ше Compressed Ті iming. 'The default condition 
causes the DMA to operate with normal timing. 


2 CD - Controller Disable. Writing a "1" to this bit disables the ОМА subsystem (ОМАВ ог | 
DMAIL6). This function is normally used whenever the CPU needs to reprogram one of 
the channels to prevent DMA cycles from occuring. 


1 AH - Writing a 1" to these bit enables the address hold feature іп Channel 0 when 
performing memory-to-memory transfer. 


0 М-М - Writing a "1" to this bit enables Channel 0 and Channel 1 to be used for memory-to 
memory transfers. | 


Mode Register 





Each DMA channel has a Mode Register 
associated with it. All four Mode Registers 
reside at the same I/O address. Bits 0 and 1 of 
the Write Mode Register command determine 


which channel Mode Register gets written. 


Тһе remaining six bits control the mode of the 
selected channel. Each channel Mode Register 


can be read by sequentially reading the Mode 


. Register location. А Clear Mode register Counter 


command is provided to allow the CPU to 
restart the mode read process at a known point. 
During mode read operations, bit 0 and 1 will 
both be 1. 
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Bits 


7-6 


1-0 


Mode Register Format ( Read/Write ) 


Function 


These bits contain the information of mode selection for each channel: 


Function 





0 | Demand Mode 

1 | Single Cycle Mode 

0 | Block Mode 

1 | Cascade Моде 

DEC - Writing a "1" to this bit DECrements Ше address after each transfer. 
AI - Writing a "1" to this bit enable Auto Initialization function. 


These bits control the type of transfer which is to be performed. 


Function 











Transfer Туре Select 






Verify Transfer 
Write Transfer - 
Read Transfer 
Illegal 


These bits determine which channel's Mode Register will be written. Read back of a mode 
register will cause these bits to both be "1". 






Function 


Channel Selection 






select Channel 0 
select Channel 1 
select Channel 2 
select Channel 3 
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Request Register 





This is a four bit register used to generate 
software requests (DMA service can be 
requested either externally or under software 
control). Request Register bits can be set or 
reset independently by the CPU. The Register 
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Mask has no effect on software generated 
requests. All four bits are read in one operation, 
and appear in the lower four bits of the byte. 
Bits 4 through 7 are read as ones . All four 
request bits are cleared to zero by RESET. 


Request Register Write Format 


Bits Function 


7-3 Попч саге. 


2 КВ - Writing a "1" to this bit sets the Request Ви. 


1-0 К51-К50 - Channel Request Select. These bits determine which channel's Request bit will be 
set. 







Function 


Channel Selection 


Request Register Read Format 


0 0 | select Channel 0 

0 1 select Channel 1 

1 0 select Channel 2 

1 1 select Channel 3 
Bits Function 


1-4 Always reads "1". 


3-0 RC3-RC0 - These bits contain the state of the request bit associated with each Request 
Channel. The bit position corresponds to the channel number. 
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Request — Mask Register 

Тһе Request mask register is a set of four bits 
which are used to inhibit external DMA 
requests from generating transfer cycles. This 
register can be programmed in two ways. Each 
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channel can be independently masked by . 
writing to the Write Single Mask Bit location. 
Тһе data format for this operation is shown 
below. 


Request Mask Register Set/Reset Format 


Bits Function 
T-3 Don't care. 
2 MB - Writing a "1" to this bit set the request Mask Bit and inhibits external requests. 


1-0 М51-М50 - Channel request Mask Select. These bits determine which channels Request 


Mask bit will be set. 
1 0 Function 
М51 М50 | Channel Selection 


select Channel 0 
select Channel 1 
select Channel 2 
select Channel 3 


= о о 
= Or © 


this and the Read All Mask Bits function 15 
shown below. 


Alternatively all four mask bits can be 
programmed in one operation by writing to the 
Write All Mask Bits address. Data format for 


Request Mask Register Read/Write Format 
· Bits Function 
7-4 Always reads "1". 


30 | МВЗ-МВО- These bits contain the state of the request Mask Bit associated with each 
request channel. The bit position corresponds to the channel number. 
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All four mask bits are set following a RESET or 
a Master Clear command. Individual channel 
mask bits will be set as a result of terminal 
count being reached, if autoinitialize is disabled. 
The entire register can be cleared, enabling all 
four channels by performing a Clear Mask 
Register operation. 


Status Register 


The status of all four channels can be 
determined by reading the Status Register. 
Information is available to determine if a 
channel has reached Terminal Count and 
whether an external service request is pending. 


Status Register Format ( Read ) 


Bits Function 


| 7-4 DRQ3-DRQO - These bits show the status of each channel request, and are not affected Бу 
the state of the Mask Register bits. Reading "1" means "request" occurs, and bits 7,6,5,4 
represent channels 3,2,1,0 respectively.These bits can be cleared by RESET, Master Clear ог 


the pending request being deasserted. 


3-0 TC3-TCO - These bits indicate which channel has reached Terminal Count reading "1". 
These bits can be cleared by RESET, Master Clear or each time a Status Read takes place. 
Тһе channel number corresponds to the bit position. 


Temporary Register 


The Temporary Register is used asa temporary 

holding register for data during memory-to- 

memory transfers. The register is loaded during 
the first cycle of a memory-to-memory transfer 
Пот XDO-XD7. During the second cycle of the 

transfer, Ше data in the Temporary Register is 

output on the ХО0- XD7 pins. Data from the last 

memory-to-memory transfer will remain in the 

register. 


Special Commands 


Five Special Commands are provided to make 
the task of programming the device easier. 
These commands are activated as a result of a 
specific address and assertion of either a XIOR* 
or XIOW*. For these special commands, the data 


bus is ignored by the 82C206 whenever an 
XIOW* activated command is issued. Data 
returned on XIOR* activated commands is 
undefined. 


]. Clear Byte Pointer Flip-Flop - This command 
is normally executed prior to reading or 
writing to the address or word count 
registers. This initializes the flip-flop to point 


to the low byte of the register and allows the 


CPU to read or write the register bytes in 
correct sequence. 


2. Set Byte Pointer Flip-Flop - Setting the Byte 
Pointer Flip-Flop allows the CPU to adjust 


the pointer to the high byte of an address or 
word count register. 
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3. Master Clear - This command has the same 
effect as a hardware RESET. The Command 
Register, Status Register, Request Register, 
Temporary Register, Mode Register counter 
and Byte pointer Flip-Flop are cleared and 
Request Mask Register is set. Immediately 
following Master Clear or RESET, the DMA 
will be in the Idle Condition. 


4. Clear Request Mask Register This 
command enables all four DMA channels to 
accept requests by clearing the mask bits in 
the register. 


5. Clear Mode Register Counter - In order to 
allow access to four Mode Registers while 
only using one address, an internal counter is 
used. After clearing the counter all four 
Mode Registers may be read by successive 
reads to the Mode Register. The order in 
which the registers will be read is Channel 0 
first, Channel 3 last. 


INTERRUPT SUBSYSTEM 


INTERRUPT CONTROLLLER FUNCTIONAL DESCRIPTION 


The programmable interrupt controllers in the 
UM82C206 function as a system wide interrupt 
manager іп ап 1РАХ8б system. They accept 
requests from peripherals, resolve priority on 
pending interrupts and interrupts in service, 
issue an interrupt request to the CPU, and 


provide a vector which is used as an index Бу. 


the CPU to determine which interrupt service 
routine to execute. 

A variety of priority assignment modes are 
provided, which can be recofigured at any time 
during system operation, allowing the complete 


interrupt subsystem to be restructured, based оп 
the system environment. 


Overview 


Two interrupt controllers, INTC] апа INTC2, 
are included in the UMS2C206. Each of the 
interrupt controllers is equivalent to an 8259A 
device operating in 1РАХ86 Mode. The two 
devices are interconnected and must be 
programmed to operate in Cascade Mode (see 
Figure 5) for proper operation of all 16 interrupt 


channels. INTC] is located at addresses 
020H-021H and is configured for Master 
operation (defined below) in Cascade 


Mode. INTC2 is a Slave device (defined below) 
and is located at ОАОН-ОАЛН. The Interrupt 
Request output signal from INTC2 (INT) is 
internally connected to the interrupt request 
input Channel 2 (IR2) of INTC]. The address 
decoding and Cascade interconnection matches 
that of the IBM PC/AT. 

Two additional interconnections are made to 
the interrupt request inputs of the interrupt 
controllers. The output of Timer 0 in the 
Counter/Timer subsystem is connected to 
Channel 0 (КО) of ІМТСІ. Interrupt request 
from the Real Time Clock is connected to 
Channel 0 (КО) of INTC2. Table 4 lists the 16 
interrupt channels and their interrupt request 
source. 


Description of the Interrupt Subsystem will 
pertain to both INTC] and INTC2 unless 
otherwise noted. Wherever register addresses 
are used, the address for the ІМТСІ register will 
be listed first and the address for the INTC2 
register will follow in parenthesis. Example 02H 
(0АОН). 
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Figure 5. 
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Table 4. Interrupt Request Source 
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Controller Operation 


Figure 6 is a block diagram of the major 
elements in the controller. The Interrupt 
Request Register (IRR) is used to store requests 
from all of the channels which are requesting 
service. Interrupt Request Register bits are 
labeled using the Channel Name IR7-IRO. The 
In-Service Register (ISR) contains all the 
channels which are currently being serviced 
(more than one channel can be in service at a 
time). In-Service Register bits are labeled 157-150 
and correspond to IR7-IRO. The Interrupt Mask 
Request (IMR)allows the CPU to disable any or 
all of the interrupt channels. The Priority 


INTERRUPT 
IRO-IR? 


INTERRUPT 
мазк 
REGISTER 


CASCADE 


COMPARAT 
са50-сас2 ATOR 


Resolver evaluates inputs from the above three 


registers, issues an interrupt request, and 


latches the corresponding bit into the In-Service 
Register. During interrupt acknowledge cycles, 
a master controller outputs a code to the slave 
device which is compared in the Cascade 
Buffer/ Comparator with a three bit ID code 
previously written. if a match occurs in the 
slave controller, it will. generate an interrupt 
vector. The contents of the Vector Register are 
used to provide the CPU with an interrupt 
vector during Interrupt Acknowledge (INTA) 
cycles. 


IN-SERVICE 
REGISTER 


REQUEST 
REGISTER 
PRIORITY 


RESOLVER 


VECTOR 
рата BUS 
REGISTER 


Figure 6. Interrupt Controller Block Diagram 
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Interrupt Sequence 


The UM82C206 allows the CPU to perform ап 
indirect jump to a service routine in response to 
a request for service from a peripheral device. 
The indirect jump is based on a vector which is 
provided by the UM82C206 on the second of two 
CPU generated INTA cycles (the first INTA 
cycle is used for resolving priority and the 
second cycle is for transferring the vector to the 
СРО, $ее Figure 7). The events which occur 
during an interrupt sequence are as follows: 


1 - One or more of the interrupt requests 
(IR7-IRO) becomes active, зе пр the 
corresponding IRR Би 5). 


2 - The interrupt controller resolves priority 
based on the state of the IRR, IMR and ISR 
and asserts the INTR output if appropriate. 


3 - The CPU accepts the interrupt and responds 
with an INTA cycle. 


4 - During the first INTA cycle, the highest 
priority ISR bit is set and the corresponding 
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IRR bit is reset. The internal Cascade address 
1s generated. 


5 - The CPU will execute a second INTA cycle, 
during which the UM82C206 will drive ап 
&bit vector onto the data pins XD7-XD0, 
which is read by the CPU. The format of this 
vector is shown in Table 5. Note that V7-V3 in 
Table 5 are programmable by writing to 
Initialization Control Word 2 (see Initial- 
ization Command Words section below). 


6 - At the end of the second INTA cycle, the ISR 
bit will be cleared if the Automatic End Of 
Interrupt mode is selected (see End Of 
Interrupt section below). Otherwise, the ISR 
bit must be cleared by an End Of Interrupt 
(EOI) command from the CPU at the end of 
the interrupt service routine to allows further 
interrupts. If no interrupt request is present 
at the beginning of the first INTA cycle (ie.a 
spurious interrupt), ІМТСІ will issue an 
interrupt level 7 vector during the second 
INTA cycle. 


INTERRUPT MUST REMAIN ACTIVE UNTIL 
THE FIRST INTA CYCLE SEGINS 


ж 
WE ТЕ аны S 


INT wawww — 


CASCADE PRIORITY RESOLVED 


INTAN R И comas “ИЛЕ чалып 


Figure 7. 


VECTOR 


Interrupt Sequence 














End Of Interrupt 


EOI is defined as the condition which causes ап 
ISR bit to be reset. Determination of which ISR 
bit is to be reset can be done by a CPU command 
(specific EOI) or, the Priority Resolver can be 
instructed to clear the highest priority ISR bit 
(non-specific EOI). The UM82C206 can determine 
the correct ISR bit to reset when operated in 
modes which do not alter the fully nested 
structure, since the current highest priority ISR 
bit is necessarily the last level acknowledged 
and serviced. In conditions where the fully 
nested structure is not preserved, a specific EOI 
must be generated at the end of the interrupt 
service routine. An ISR bit that is masked, in 
Special Mask Mode by an IMR bit, will not be 
cleared by a non- specific EOI command. The 
interrupt controller can optionally generate an 
Automatic End Of Interrupt (АЕОГ) on Ше 
trailing edge of the second INTA cycle. 


Priority Assignment 


Assignment of priority is based on an interrupt 
channel's position relative to the other channels 
іп the interrupt controller. After the 
initialization sequence, IRO has the highest 
priority, ІК? the lowest, and priority assignment 
is fixed (Fixed Priority Mode) Priority 
assignment can be rotated either manually 
(Specific Rotation Mode) or automatically 
(Automatic Rotation Mode) by programming 
Operational Command Word 2 (OCW2). 


Fixed Priority Mode - This is the default 
condition which exists unless rotation (either 
manual or automatic) is enabled, ог the 
controller is programmed for Polled Mode. In 
Fixed Priority Mode, interrupts are fully nested 
with priority assigned as shown: 


Lowest Highest 
Priority Status 7 6 5 4 3 2 1 0 
Nesting allows interrupts of a higher priority to 
generate interrupt requests prior to the 
completion of the interrupt in service. When an 


Priority Status 
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interrupt 1s acknowledged, priority is resolved, 
the highest priority request's vector is placed on 
the bus and the ISR bit for that channel is set. 
This bit remains set until an FOI (automatic or 
CPU generated) is issued to that channel. While 
the ISR bit is set, all interrupts of equal or !ower 
priority are inhibited. Note that а higher 
priority service routine will only be 
acknowledged if the CPU has internally 


, re-enabled interrupts. 


Specific Rotation Mode - Specific Rotatior 
allows the system software to re-assign priority 
levels by issuing a command which redefines 
the highest priority channel. 


Before Rotation 


Lowest | Highest 
716543210 


“(б5РЕсїйс Rotation command issued with 
Channel 5 specificed) 


After Rotation 


Lowest Highest 
Priority Status 54 321076 
Automatic Rotation Mode - In applications 
where a number of equal priority peripherals 
are requesting interrupts, Automatic Rotation 
may be used to equalize the priority assignment. 
In this mode a peripheral, after being serviced, 
is assigned the lowest priority. All peripherals 
connected to the controller will be serviced at 
least once in 8 interrupt requests to the CPU 
from the controller. Automatic rotation will 
occur, if enabled, due to the occurrance of EOI 
(automatic or CPU generated). 


Before Rotation (IR3 is highest priority request 
being serviced) 
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ISR Status Ви 157 156 155 154 153 152 151 ISO 
| 1100100 0. 
| Lowest Highest 
PrioityStatus 7 6 5 4 3 2 1 0 


(SPEcific Rotation command issued with 


Channel 4 specificed) 
After Rotation 
ISR Status Bit 157 156155 154 153 152 151 ISO 
11090000 
. Lowest Highest 
PriorityStatus 3 2 107 6 5 4 


Programming The Interrupt Controller 


Two type of commands are used to control the 
UMS2C206 interrupt controllers, Initialization 
Command Words (ICWs) and Operational 
Command Words (OCWs). 


initialization Command Words 


The initialization process consists of writing a 
sequence’of 4 bytes to each interrupt controller. 
The initialization sequence is started by writing 
the first Initialization Command Word (ICW1) to 
address 020Н (ОАОН) with a 1 on bit 4 of the data 
byte. The interrupt controller interprets this as 


UM82C206 


the start of an initialization sequence and does 
the following: 


1 - The Initialization Command Word Counter is 
reset to zero. 


2 - ICWI is latched into the device. 


3 - Fixed Priority Mode is selected. 

4 - IRO is assigned the highest priority. 

5 - The Interrupt Mask Register is cleared. 
6 - The Slave Mode Address is set to 7. 

7 - Special Mask Mode 1s disabled. 


8-The IRR is selected for Status Read 
operations. 


The next three I/O writes to address 021H 
(0A1H) will load ICW2-ICW4. See Figure 8 for a 
flow chart of the initialization sequence. The 
initialization sequence can be terminated at 
any point (all 4 bytes must be written for the 
controller to be properly initialized) by writing 
to address 02H( 0A0H) with a 0 in data bit 4. Note, 
this will cause OCW2 or OCW3 to be written. 


Table 5. Interrupt Vector Byte 





6—34 





(Фоме | ` UM82C206 





WRITE ICH2 


CASCADE 
MODE ? 
WRITE ІСЫЗ 

YES 
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END ОҒ INITIALIZATION 
CONTROLLER READY 


Figure 8. Initialization Sequence 
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ICW1 - Address 020H (0A0H) 


Bits 


1-5 


- Write Only 


Function 
Don't care. 
Must set "1" for ICW1, Since ICW1, OCW2 and OCW3 share the same address,(020H, 0АОН). 


LTM - Bit 3 selects Level Triggered Mode or Edge triggered Mode input to the IR. If a "1" 
is written to LTM, a high level on the IR input will generate an interrupt request and the 
IR must be removed prior to EOI to prevent another interrupt. In Edge Triggered Mode, a 
low to high transition will generate an interrupt request. In either mode, IR must be held 
high until the first INTA cycle is started in order to generate the proper vector. ІК? 
vector will be generated if the IR input is deasserted early. 


Dont care. 


SM - This bit selects between Single Mode and Cascade Mode. Single Mode is used 
whenever only one interrupt controller (ІМТСІ) is used and is not recommended for this 
device. Cascade Mode allows the two interrupt controllers to be connected through ІК2 of 
ІМТСІ. ІМТСІ will allow INTC2 to generate its own interrupt vectors if Cascade Mode is 
selected and the highest priority IR pending is from an ІМТС2 input. ІМТСІ and INTC2 
must be programmed for Cascade Mode for both devices to operate. 


Dont care. 


ICW2 - Address 021H (0A1H) 


Bits 


7-3 


2-0 


- Write Only 


Function 

V7-V3 - These bits are the upper 5 bits of the interrupt vector and аге programmable by 
the CPU. ІМТСІ and INTC2 need not be programmed with the same value in ICW2, usually 
ІМТСІ is programmed with a value of 08H апа INTC2 is programmed with a value of 70H. 


The lower three bits of the vector are generated by the Priority Resolver during INTA 
(ses Table 5). 
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ІСУУЗ- Format for ІМТСІ - Address 021Н 


- Write Only 
Bits Function 
7-0 57.50 - Selects which IR inputs have Slave Mode controllers connected. ICW3 іп ІМТСІ 


must be written with a 04H(IRQ2) for INTC2 to function correctly. 


ICW3-Format for INTCl-Address 0A1H 





Write Only 
е 
Bits Function Ё 
E 
7-3 Don't care. = 
E 
2-0 102-100 - Determines the Slave Mode address the controller will respond to during Ше 
cascade INTA sequence. ICW3 in INTC2 should be written with a 0ZH(IRQ2 of INTCL) for 
Cascade Mode operation. 


ICWA - Address 021H (0A1H) 


- Write Only 
Bits Function 
1-5 Dont care. 
4 EMI - this bit will Enable Multiple Interrupts from the same channel in Fixed Priority 


Mode. This allows INTC2 to fully nest interrupts, when Cascade Mode with Fixed Priority 
Mode are both selected, without being blocked by ІМТСІ. Correct handling of this mode 
requires the CPU to issue a non-specific EOI command to zero, when exiting an interrupt 
service routine. If zero, a non-specific EOI command should be sent to ІМТСІ. If non-zero, 
no command is issued. 


3-2 Dont care. 


1 AEOI - Auto End Of Interrupt is enabled when ICW4 is written with a one in bit 1. The 
interrupt controller will perform a non-specific EOI on the trailing edge of the second 
INTA cycle. Note, this function should not be used in a device with fully nested interrupts 
unless the device is a cascade Master. 


0 Don't care. 
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Operational Command Words 

Operational Command Words (OCWs) allow the 
UM82C206 interrupt controllers to be controlled 
or reconfigured at any time while operating. 
Each interrupt has 3 OCWs which can be 
programmed to affect the proper operating 
configuration and a Status Register to monitor 
controller operation. 

Operational Command Word 1 (OCW1) is located 


ОСМ - Address 021H (0A1H) 
- Read/Write 


OCW2 - Address 020H (0A0H) 


at address 021Н (0A1H) апа may be written any 
time the controller is not in Initialization Mode. 
Operational Command Words 2 and 3 (OCW2, 
OCW3) are located at address 020H (0АОН). 
Writing to address 020H (0A0H) with a 0 in bit 4 
will place the controller in operational mode and 
load OCW2 (if data bit 3 = 0) or OCW3 (if data bit 
3-1) 


- Write Only 
Bits Function 
1-5 R,SL,EOI - These bits selects operational function. Writing a "1" in bit 7 causes one of the 


rotate functions to be selected. 


Writing a "1" in bit 6 causes a specific or immediate function to occur. All specific 
commands require L2-L0 to be valid except no operation. 
Writing a "l" in bit 5 causes a function related to EOI to occur. 


7 6 5 Function 

R SL EOI operational function 

0 0 0 Clear rotate in auto EOI mode 

0 0 1 Non-specific EOI Command 

0 1 0 No operation 

0 1 1 Specific EOI Command * 

1 0 0 Set rotate in auto EOI mode 

1 0 1 Rotate on non-specific EO] Command 
1 1 0 Set priority Command * 

1 1 1 Rotate on specific EOI Command * 


* L2-L0 are used by these commands. 


4-3 These bits must be set "0" to indicate that OCW2 is selected, because ICW1, OCW2 and 
OCW3 share the same address, (020H, ОАОН). 


2-0 L2-L0 - These three bits are internally decoded to select which interrupt channel is to be 
affected by the Specific command. L2-L0 must be valid during three of the four specific 


cycles. 


6—38 





Симс UM82C206 


OCW3 - Address 020H (0A0H) 





- Write Only 
| Bits Function 
7 This bit must be set "0". 
6-5 ESMM - Writing a 1 in this bit position Enables the set/reset Special Mask Mode Function 


controlled by bit 5 (SMM). ESMM allows the other functions in OCW3 to be accessed and 
manipulated without affecting the Special Mask Mode state. 

. SMM - During Special Mask Mode, writing а 1 to any bit position of OCWI inhibits 
interrupts and a 0 enables interrupts on the associated channel by causing the Priority 
Resolver to ignore the condition of the ISR. 








"UO 
т 
6 5 Function 9 
. £ 
ЦИ 
ESMM SMM | Mask mode enable/select 2 
с 
0 Х No operation 
1 0 Reset special mask mode to normal mask mode 
1 1 Set special mask mode 
4-3 These bits must ђе set "0" to indicate that OCW3 is selected, because ICW1, OCW2 and 


OCW3 share the same address, (020H, 0АОН). 


2 PM - Writing a "1" to this bit of OCW3 enables Polled Mode. Writing OCW3 with poll mode 
acts like the first INTA cycle, freezing all interrupt request lines and resolving priority. 
The next read operation to the controller acts like a second INTA cycle and polled vector 
is output to data bus. The format of polled vector is described later (see Poll Mode Read). 


1-0 RR - Writing a "1" to this bit enable the contents of IRR or ISR (determined by RIS) to be 
placed on XD7-XD0 when reading the Status Port at address 020H (0А0Н). Asserting PM 
forces RR reset. | | | | 


1 0 Function 


RR RIS select next read register 


0 x No operation 
1 0 Read IRR on next read 
1 1 | Read ISR on next read 
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IRR, ISR and Poll Vector 


IRR, ISR and Poll Vector share the same address to the address will select IRR or ISR depending 
(020Н, OAOH). The selection of the registers on the latest OCW3, if RR-1 and RIS=0, ISR is 
depends on the programming of ITC. If the selected. Note that poll command is cleared after 
latest OCW3 issued poll command, (РМ-1), the the first read to the ITC. After initialization 
poll vector is selected for the next read. Before (ICW1 or RESET), IRR is selected. 

another poll command is issued, subsequent read 


IRR-Address 020H(0A0H) 
Bits Function 
1-0 IR7-IRO - These bits corresponds to the interrupt request bit of Interrupt Request Register. 


А "1" on these bits indicate that an interrupt request is pending on the corresponding line. 


ISR-Address 020H(0AQ0H) 
Bits Function 
7-0 157-150 - These bits correspond to the interrupt service bit of Interrupt Service Register. A 


"1" on these bits indicate that an interrupt is being serviced on the corresponding line. ЕО! 
will clear corresponding IS bit of ISR. 


Poll Vector-Address 020H(0A0H) 
Bits Function 


7 INT - A "1" in these bits indicates that a pending interrupt is polled. If there is по pending 
interrupt request or the request is removed before the poll command, this bit 150. | 


6-3 Don't саге. 


2-0 У2-У0 - These bits аге the binary encoding of the highest priority level pending interrupt 
request being polled. If no pending interrupt has been polled, all three bits are equal to 1. 


Many registers share the same I/O address of 
INTC. The following table summarizes the address of each register. 
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COUNTER/TIMER SUBSYSTEM 


COUNTER /TIMER 
FUNCTIONAL DESCRIPTION 


The UM82C206 contains a 8254 compatible 
counter/timer(CTC). The counter/ timer can be 


used to generate accurate time delays under . 


software control. It contains 3 16-bit counters 
(counters 0-2) which can be programmed to 
count in binary or binary-coded decimal (BCD). 
Each counter operates inde- pendently of the 
other and can be programmed for operation as a 


TMRCLK 


CONTROL 


OCW1 (Mask Register) 


UM82C206 


Register Selected 





IRR, ISR or Poll Vector 


timer or a counter. 

All counters in this subsystem are controlled by 
a common control logic as shown in Figure 9. 
The control logic decodes and generates the 


‘necessary commands to load, read, configure 


and control each counter. Counter 0 and counter 
1 can be programmed for all six modes, but 
mode 1 and mode 5 have limited usefulness 
because their gate is hardwired to VCC 
internally. Counter 2 can be programmed to 
operate in any of the six modes as listed below: 


COUNTER О 


22 CLK GATE 
от то тте 


CINTER 
CONNECT OND 
COUNTER 1 


CLK GATE 


COUNTER 2 


CLK GATE 
OUT 


Figure 9. Counter/Timer Block Diagram 
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Mode 0 Interrupt on terminal count 
Mode 1 Hardware retriggerable one-shot 
Mode 2 Rate generator 

Mode 3 Square wave generator 

Mode 4 Software triggered strobe 

Mode 5 Hardware retriggerable strobe 


All three counters in this subsystem are driven 
from a common clock input pin (TMRCLK) 
. which is different from other clock inputs to the 
UM82C206. Counter 08 output (OUTO0) is 
internally connected to IRO of МТС] and may 
‚ be used as an interrupt to the system for time 
keeping and task switching. Counter 1 may be 
programmed to generate pulses or square waves 
for external devices. Counter 2 is a full function 
counter/timer. It can be used as an interval 
timer, a counter, or as a gated rate/pulse 
generator. In PC/AT compatible design, counter 
0 is used as a system timer, counter 1 is used аза 
' DRAM refresh rate generator, and counter 2 is 
used for speaker sound generation. 


Counter Description 


Each counter in this subsystem contains a 
control register, a status register, a 16-bit 
counting element, a pair of 8-bit counter input 
latchs, and a pair of 8-bit counter output latches. 
Each counter shares the same clock input 
(TMRCLK). САТЕО, GATE1 and OUTO are not 
externally accessible. This is fully compatible 
with PC/AT. Output of OUTO is dependent on 
the counter mode. (see Mode Definitions) 


The control register stores the mode and 
command information used to control the 
counter. It may be loaded by writing a byte to 
the write control word at port 043H. The status 


register allows the software to monitor counter 
condition and read back the contents of the 
control register. 


The 16-bit counting element is a loadable 
synchronous down counter. It is loaded or 
decremented on the falling edge of TMRCLK. 
The counting element contains a maximum 
count when a 0 is loaded, which is equivalent to 
65536 in binary operation or 10000 in BCD. The 
counting element does not stop when it reaches 
0. In modes 2 and 3 the counting element will be 
reloaded and in all other modes it will wrap 
around to 0ЕЕЕЕН in binary operation or 9999 
in BCD. 


Тһе counting element is indirectly loaded by 
writing one or two bytes (optional) to the 
counter input latches, which are in turn loaded 
into the counting element. Thus the counting 
element can be loaded or reloaded in one 
TMRCLK cycle. The counting element is also 
read indirectly by reading the contents of the 
counter output latches Тһе counter output 
latches are transparent latches which can be 
read while transparent or latched (see latch 
counter command). 


Programming The Counter/Timer 


After system reset the contents of control 
registers, counter registers, counting elements, 
and the output of all counters are undefined. 
Each counter must be programmed before it can 
be used. Each counter is programmed Бу 
writing its control register with a control word 
and then giving an initial count to its counting 
element. Table 6 lists the I/O address map used 
by the counter/timer subsystem. 
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Table 6. Counter/Timer I/O Address Map 


Read/Write Counter Command 
Each counter has a write only control register. word to the I/O address 043H. The control word 
This control register is written with a control format is described here. 





















Control Word Format (Write Only) 


Bits Function 
7-6 5С1-5С0 - Select which counter this control word is written to. 
7 6 


ӨСІ 5С0 Function 


0 0 select counter 0 
0 1 select counter 1 
1 0 select counter 2 
| 1 reserved for read-back command 
5-4 RWI-RWO - Determine the counter read/write word size. 
5 4 


RWI ЕМО Function 


0 0 reserved for counter latch command 
0 1 read/write LSB only 
1 0 read/write М58 only 
1 1 read/write LSB first, then MSB 


MSB = most significant byte 
LSB - least significant byte 
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Bits Function 
21 М2-М0 - Select the counter operating mode. 
3 2 1 
M2 м MO Function 
0 0 0 select mode 0 
0 0 1 select mode 1 
X 1 0 select mode 2 
X 1 1 select mode 3 
1 0 0 select mode 4 
1 0 1 select mode 5 
0 BCD - During read/write counter commands control word writing, a "1" selects binary 


coded decimal counting format. А "0" selects binary counting format. During read-back 


command word writing, this bit must be 0. 


When programming to a counter, the below 
sequences must be followed: First, each counter's 
control register must be written with a control 
word before the initial count is written. Second, 
writing the initial count must follow the format 
specified in the control word (least significant 
byte only, most significant byte only, or least 
significant byte and then most significant byte). 
A new initial count can be written into the 
counter at any time after programming without 
rewriting the control word. 


Counter Latch Command 


When a counter latch command is issued, the 


counter's output latches latch the current state 
of the counting element. The counters output 
latches remain latched until read by the CPU or 
the counter is reprogrammed. After that the 
output latches then return to a "transparent" 
condition. Counter latch commands may be 
issued to more than one counter before reading 
the first counter to which this commannd was 
issued. Also, multiple counter latch commands 
issued to the same counter without reading the 
counter will cause all but the first command to 
be ignored. Below describes the counter latch 
command format. 
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Bits 


1-6 


5-4 


30 


АС 
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Counter Latch Command Format (Write Only) 


Function 
5С1-5С0 - Select which counter is being latched. 
7 6 


SCl 5С0 Function 


0 0 select counter 0 

0 1 select counter 1 Е 
1 0 select counter 2 | Е 
1 1 reserved for read-back command т 





Тћезе two bits must be zero for the counter latch command. 


These four bits are don't care bits. 


Read-Back Command 


Тһе read-back command allows the user to counter(s. The format of the read-back 
check the count value, mode, and state of the command is described below. 
OUT signal and null count flag of the selected 


Bits 


3-1 


Кеад-Васк Command Format (Write Only) 


Function 


Тћезе two bits must be "1" for the read-back command. 





LCOUNT - A "0" in this bit will latch the count of the counting element of the selected 
counter(s). 


LSTATUS - А "0" in this bit will latch the status information of the selected counter(s). 


C2-0 - These three bits select which counter(s) the read-back command is applied to. 


7, 390 d 

C2 Cl CO Function 

0 X X select counter 2 
X 0 X select counter 1 
X X O0 select counter 0 
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Each counters latches remain latched until 
either the latch is read or the counter is 
reprogrammed. If both LSTATUS and LCOUNT 
are "0", status will be returned on the next read 
from the counter. The next one or two reads (de- 
pending on whether the counter is programmed 
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to transfer one or two bytes) from the counter 
result in the count being returned. Multiple 
read-back commands issued to the same counter 
without reading the counter will cause all but 
the first command to be ignored. The status 
read from each counter is described below. 


Status Format 


Bits Function 
1 OUT - This contains the state of the OUT signal of the counter. 
% 
6 NC - This contains the condition of the null count flag. This Нар is used to indicate that 


the contents of the counting element are valid. It will be set to a "1" during a write to the 
control register or the counter. It is cleared to a "0" whenever the counter is loaded from 
the counter input register. 


5-4 RW1-0 - These two bits indicate the counter read/write word size. This information is 
useful in determining where the high byte, the low byte or both must be transferred 
during counter read/write operations. 

3-1 М2-0- These bits reflect the operating mode of the counter and are interpreted in Ше same 
manner as in the write control word format. 

0 BCD - This bit indicates the counting element is operating in binary format or BCD format. 

Counter Operation 


Because counter 0 апа counter 1 have 
limitations in some of their operating modes, we 
will use counter 2 to describe the various 
counter operating modes. But the description of 
modes 0, 2, 3 and 4 is suitable for all counters. 
The following terms are defined for describing 
counter/timer operation. 


TMRCLK pulse - А rising edge followed by a 
falling edge of the UM82C206 TMRCLK input. 


trigger - The rising edge of the GATEZ input. 


counter load - The transfer of the 16-bit value in 
counter input latches to to the counting element. 


initialized - A control word written and the 


counter input latches loaded. 


Counter 2 can operate in one of the following 
modes : 

Mode 0 - Interrupt on terminal count 

Mode 1 - Hardware retriggerable one-shot 

Mode 2 - Rate generator 

Mode 3 - Square wave generator 

Mode 4 - Software triggered strobe 

Mode 5 - Hardware triggered strobe 
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Mode 0 - Interrupt оп terminal count 


Mode 0 is usually used for event counting. After 
the counter being written with the control word, 
OUT2 of the counter goes low and remains low 
until the counting element reaches 0 at which 
time it goes back high and remains high until a 
new count or control word is written. Counting 
is enabled when GATE2 - 1 and disabled when 
GATE2 = 0. GATEZ has no effect on ОСТ2. 


The counting element is loaded at the first 
TMRCLK pulse after the control word and 
initial count are loaded. When both initial count 
bytes are required, the counting element is 
loaded after the high byte is written. This 
TMRCLK pulse does not decrement the count, 
so for an initial count of N, OUT2 does not go 
high until № TMRCLK pulses after 
initialization. Writing a new initial count to the 
counter reloads the counting element on the 
next TMRCLK pulse and counting continues 
from the new count. If an initial count is written 
with GATE2 = 0, it will still be loaded on the 
next TMRCLK pulse. But counting does not 
progress until GATE2 = 1. When САТЕ2 goes 
high, OUT2 will go high after N TMRCLK 
pulses later. 


Mode 1 - Hardware retriggerable one-shot 


Writing the control word causes OUT2 to go 
high initially. Once initialized the counter is 
armed and a trigger causes OUT2 to go low on 
the next TMRCLK pulse. OUT2 then remains 
low until the counter reaches 0. An initial count 
of N results in a one-shot pulse N TMRCLK 
cycles long. Any subsequent triggers while 
ООТ2 is low cause the counting element to ђе 
reloaded, extending the length of the pulse. 
Writing a new count to counter input latches 
will not affect the current one-shot pulse unless 
the counter is retriggered. In the latter case, the 


UM82C206 





counting element is loaded with the new count 
and the one-shot pulse continues until the new 


count expires. 
Mode 2 - Rate generator 


This mode functions as a divide-by-N counter. 
After writing the control word during 
initialization the counter's OUT2 is set to high. 


When the initial count is decremented to 1, 
OUT2 goes low on the next TMRCLK pulse. The 
following TMRCLK pulse returns OUT2 high, 
reloads the CE and the process is repeated. In 
Mode 2 the counter continues counting (if 
САТЕ2 = 1) and will generate an OUTZ pulse 
every N TMRCLK cycles. Note that a count of 1 
is illegal in Mode 2. 

GATE2 = 0 disables counting and forces OUT2 
high immediately. A trigger reloads the CE on 
the next TMRCLK pulse. Thus САТЕ2 can be 
used to synchronize the counter to external 
events. 


"Writing a new count while counting does not 


affect current operation unless a trigger 15 
received. Otherwise, the new count will be 
loaded at the end of the current counting cycle. 


Mode 3 - Square wave generator 


Mode 3 is similar to Mode 2 in every respect 
except for the duty cycle of OUT2. OUT2 is set 
high initially and remains high for the first half 
of the count. When the first half of the initial 
count expires, OUT2 goes low for the remainder 
of the count. 

If the counter is loaded with an even count, the 
duty cycle of OUT2 will be 50% (high = low = 
N/2). For odd count values, OUT2 is high one 
'TMRCLK cycle longer than it is low. Therefore, 
high = (N*1)/2 and low = (М-1)/2. 
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Mode 4 - Software triggered strobe 


Writing the Control Word causes OUT2 to go 
high initially. Expiration of the initial count 
causes OUTZ2 to go low for опе TMRCLK cycle. 
GATE2 - 0 disables counting but has no effect 


on OUT2. Also, a trigger will not reload Ше CE. 


Тһе counting sequence is started by writing the 
initial count. The CE is loaded on the TMRCLK 
pulse after initialization. The СЕ begins 
decrementing one TMRCLK pulse later OUT2 
will golow for one TMRCLK cycle, (3+1) cycles 
г after the initial count is written. 


If а new initial count is written during a 
counting sequence, it is loaded into the CE on 
the next TMRCLK pulse and the sequence 
continues from the new count. This allows the 
sequence to be "retriggerable" by software. 
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Mode 5 - Hardware triggered strobe 


Writing the Control Word causes OUT2 to go 
high initially. Counting is started by trigger. 
Тһе expiration of the initial count causes OUT2 
to go low for one TMRCLK cycle. GATE2 = 0 
disables counting. 


The СЕ is loaded on the TMRCLK pulse after a 
trigger. Since loading the CE inhibits 
decrementing, OUT2 will go low for one 
ТМЕСІК cycle, (N+1) TMRCLK cycles after the 
trigger. 


If a new count is loaded during counting, the 
current counting sequence will not be affected 
unless a trigger occurs. А trigger causes the 
counter to be reloaded from CIL and CIH, 
making the counter "геігіррегаЫе". 


ТаЫе 7. Gate Pin Function 












Disables Counting 


Gate 


Mode 
ЕЕ Disables Counting >= Enables Counting 
=a ae caf 
2 
3 


Initiates Counting 





Initiates Counting 





Enables Counting 


Enables Counting 
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GATE2 


In Modes 0,2,3 and 4 GATEZ is level sensitive 
and is sampled on the rising edge of 'TMRCLK. 
In Modes 1,2, 3 and 5 the САТЕ2 input is 
rising-edge sensitive. This rising edge sets an 
internal flip-flop whose output is sampled on the 
next rising edge of TMRCLK. The flip-flop 
resets immediately after being sampled. Note 
that in Modes 2 and 3 the GATE2 input is both 
edge and level sensitive. 


REAL TIME CLOCK SUBSYSTEM 


REAL TIME CLOCK 
FUNCTIONAL DESCRIPTION 


This subsystem of the UM82C206 integrates a 
complete time-of-day real time clock with alarm, 
one hundred year calendar, a programmable 
periodic interrupt, and 114 bytes of CMOS 
static RAM. The UMS82C206 is designed to 
operate in a low power (battery powered) mode 
and protects the contents of both the CMOS 
static RAM and clock from change during 
system power up and down. 


Power-Up/Down 


Most applications will require the real time 
clock to remain active whenever the system 
power is turned off. To accomplish this the user 
must provide an alternate source of power to the 
UM82C206. This alternate source of power is 
normally provided by connecting a battery to 
the Vcc pin to switch from the system power 
supply to the battery. A circuit implementing 


UM82C206 





such a function is shown in Figure 10. It is used 
to eliminate power drain on the battery when 
the entire UM82C206 is active. It will also make 
a clean and reliable transition between system 
and battery power without drawing too much 
battery power. 


The PWRGD pin is provided on the device to 
protect the contents of RAM and the real time 
clock. It is also used to reduce power 
consumption whenever the system is powered 
down. This pin should be low whenever the 
system power supply is not within specifications 
for proper operation of the system. This pin may 
be driven by circuitry in either the power 
supply or on the system board. When the 
PWRGD input is low, it will disable all un- 
necessary inputs and outputs. In this way it will 
prevent noise on the inactive pins and reduce 
leakage current when the system is powered 
down. This pin must therefore be at high level 
for the remainder of the device to operate 
properly when system power is applied. 


The PSRSTB* pin is provided to initialize the 
device whenever power is applied to the 
UM82C206. This pin will not alter the RAM or 
real time clock contents but it will initialize the 
necessary control register bits. A low on 
PSRSTB* pin disables the generation of 
interrupts and sets a flag indicating that the 
contents of the device may not be valid. A 
recommended circuit for controlling the 
PSRSTB* input is shown in Figure 10. 
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19. Power Conversion and Reset Circuitry 


Register Access 


Reading and writing to the 128 locations in this 
subsystem is accomplished by first placing the 
index address of the location you wish to access 
on the data input pins XD0-XD6 and then 
strobing the AS input pin. The address will then 
be latched into the index address register on the 
falling edge of AS. The index address register is 
then used as a pointer to the specific byte in this 
subsystem, which may be read or written by 
asserting XIOR* or XIOW* with an address of 
071H on the ХА9-ХА0 input pins. 


їп PC/AT compatible design, the AS is 
generated by an I/O write operation to port 
070H. To avoid the unintentional change of the 
contents of real time clock and CMOS RAM, it is 
recommended that an address of 070H be ap- 





plied to the ХА9-ХА0 inputs of UMS2C206 
during the AS asserted time. 


Address Map 


Table 8 illustrates the internal register/RAM 
organization of the real time clock subsystem of 
the UM82C206. The 128 addressable locations in 
this subsystem are divided into 10 bytes which 
normally contain the time, calendar, alarm 
setting and four control and status bytes and 
114 general purpose CMOS RAM bytes. All 128 
bytes are readable by the CPU. The CPU may 
also write to all locations except registers ОСН, 
ООН, bit 7 of register OAH апа bit 7 of the 
register 00H which is always 0. 
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Table 8. Address Map for Real Time Clock Subsystem 





Index Function 


SECONDS ALARM 


MINUTES 


MINUTES ALARM 


HOURS 


HOURS ALARM 


DAY OF WEEK 


DAY OF MONTH 


c 
= 


MONTH 


c 


aH 


YEAR 


c 
Ер 






ОАН REGISTER A 


со 


ВН REGISTER B 


со 


СН REGISTER C 


DH REGISTER D 
EH USER RAM 


ОЕН О5ЕК КАМ 





-J 


EH USER RAM 


-J 


FH 


USER RAM 
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Time/Calender and Alarm Bytes 


The CPU can obtain the time and calendar 
information by reading the appropriate 
locations in the real time clock. Initialization of 
the time, calendar and alarm information is 
accomplished by writing to these bytes. Data 
stored in these locations are in binary-coded 
decimal (BCD) format. 

Before initialization of the internal registers of 


the real time clock, the SET bit in register ОВН 
should be set to a "1" to prevent real time clock 
from updating. The CPU then initializes the 


‘first 10 locations in BCD format. The SET bit 


should then be cleared to allow updating. After 
initialized and enabled, the real time clock will 
perform clock/calendar updates at a 1.024 KHz 
rate in PC/AT compatible design. 


Table 9. Time, Calendar, Alarm Data Format 





Index Register 
Address 





















шин 


Hours 
(12 hour mode) 


Hours 
(24 hour mode) 


Hours of Alarm 
(12 hour mode) 


Hours of Alarm 
(24 hour mode) 








01-12 (AM) 
81-92 (PM) 

























01-12 (AM) 
81-02 (PM) 







00-23 
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The alarm bytes can be programmed to 
generate an interrupt at a specific time or they 
can be programmed to generate а periodic 
interrupt. To generate an interrupt at a specific 
time, the user need only program the time that 
the interrupt is to occur into the 3 alarm bytes. 
Alternately, a periodic interrupt can be 
generated by setting the high order two bits in 
an alarm register to a "1", which turns that byte 
into a "don't care". For instance, an interrupt can 
be generated once a second by programming the 
same value into all three alarm registers. 


ТаЫе 9 shows the format for the ten clock, 
calendar and alarm registers. The 24/12 bit in 
Register ОВН determines whether the hour 
locations will be updated using a 1-12 or 0-23 
format. After initialization the 24/12 bit cannot 
be changed without reinitializing the hour 
locations. In 12 hour format the bit 7 of the 
hours byte in both the time and alarm bytes will 


indicate PM when it isa 1" 


Update Cycle 


During normal operation the real time clock 
will perform an update cycle, assuming one of 
the proper time bases is chosen, the divider bits 
DV2-DVO isn't reset and the SET bit in register 
ОВН is cleared. The function of the update cycle 
is to increment the clock/calendar registers and 
compare them to the alarm registers. If a match 
or don't care condition occurs between the two 
sets of registers, an alarm is issued and ап 
interrupt control bits are enabled. 


During an update cycle, the lower 10 registers 
are not accessible by the CPU. By this way it 
can prevent the possible corruption of data in 
the real time clock registers or the reading of 
incorrect data. To avoid contention between the 


UIP 
CREGISTER А2 


—»- |+- 


UPDATE CYCLE 
RCTIVE PERIOD 


UF BIT 
CREGISTER С?» 


NOTE: 


КЕКСЕ 


yo NOTE 1 


SEE NOTE 2 


4. REGISTER 0-9 ARE UNAVAILABLE FOR READ OR WRITE 


. THIS TIME. 


2. UF BIT CLEARED BY READING REGISTER C. 


Figure 11. 
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real time clock and the CPU, а flag is provided 
in register ОАН to alert the user of an update in 
progress cycle. This update in progress bit (UIP) 
is asserted 244us before the actual start of the 
cycle and is maintained until the cycle is 
complete. Once the cycle is complete the UIP bit 
will be cleared and the update flag (UF) in 
register ОСН will be set. Figure 11 illustrates the 
update cycle. CPU access is always allowed to 
registers ЏОАН through ОРН during update 
cycles. 


Two recommended methods can be used for 
reading and writing to the real time clock in a 
PC/AT compatible design. Both of them will 
allow the user to avoid contention between the 
CPU and the real time clock for access to the 
time and date data. 


The first method is to read register ОАН, 
determine the state of the UIP bit and if it is "0", 
perform the read or write operation. For this 
method to work successfully the entire read or 
write operation (including any interrupt service 
routines which might occur) must not require 
longer than 244us to complete from the 
beginning of the read of register ОАН to the 


UM82C206 


completion of the last read or write operation to 
the clock calendar registers. 


The second method of accessing the lower 10 
registers is to read register ОСН once and 
disregard the contents. Then subsequently 
continue reading this register until the UF bit is 
а "l". This bit will become true immediately 
after an update cycle has been completed. The 
user then has to complete a read or write 
operation before the next update cycle. 


Control and Status Registers 


The UM82C206 contains four registers used to 
control the operation and monitor the status of 
the real time clock. The CPU can access these 
registers at any time with index address at 
ОАН-ООН. 


REGISTER ОАН 


Index register port : 70H 
Data register port : 71H 
Index : 0AH (Read/Write register except UIP) 


REGISTER 0AH 


Bits Function 


7 UIP - Update in progress flag is a status bit used to indicate when an update cycle is about 
to take place. A "1" indicates that an update cycle is taking place or is imminent. UIP will 
go active (HIGH) 244us prior to the start of an update cycle and will remain active for an 
additional 2ms while the update is occurring. The UIP bit is read only and is not affected 
by reset. Writing a "1" to the SET bit in register ОВН will clear the UIP status bit. 


6-4 DV2-DV0 - These three bits are used to control the Divider/Prescaler on the real time 
clock. While the UM82C206 can operate at frequencies higher than 32.768 KHz, this is not 
recommended for battery powered operation due to the increased power consumption at 


these higher frequencies. 
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Bits Function 
6 5 4 Divider Options 
DV2 DVI DVO Mode 
1 1 Х Reset Divider 
3-0 RS3-RS0 - These four bits control the periodic interrupt rate. The periodic interrupt is 


derived from the divider/prescaler in the real time clock and is separated from the alarm 
interrupt. Both the alarm and periodic interrupts do, however, use the same interrupt 
channel in the interrupt controller. Use of the periodic interrupt allows the generation of 
interrupts at rates higher than once per second. Below are the interrupt rates for which 
the real time clock can be programmed. 
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3 2 1 0 Periodic Interrupt Rate 


4194304МН2 time base 
КЗ RS2 RSI К50 1048576MHz time base 32768КН2 time base 


0 0 None None 


© 


Ф 
— 
— 
= 


0 1 30517 us 290625 ms 
61035 us 78125 ms 


е ее 
ын 
со 


1 1 122070 us 122070 us 
1 0 0 ` 244141 us 244141 us 
1 0 1 488281 15 488281 us 


$ 


110 976.562 us 976562 us 
1953125 ms 1953125 ms 

0 0 0 390625 ms 390625 ms 

0 0 1 78125 ms 78125 ms 

1 0 1 0 15625 ms 15625 ms 
0 1 3125 ms 3125 ms 

1 1 625 ms 625 ms 

1 1 0 1 125 ms 125 ms 
1 1 1 0 250 ms 250 ms 
] 1 1 1 500 ms 500 ms 
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REGISTER ОВН 


Index register port : 70H 
Data register port : 71H 
Index : ОВН (Read/Write register) 


Bits 


Function 


SET - Writing а "0" to this bit enables the Update Cycle and allows the Real Time Clock to 
function normally. When set to a 1" the Update Cycle is inhibited and any cycle in 
progress is aborted. The SET bit is not affected by the RESET input pin. 


PIE - The Periodic Interrupt Enable Bit controls the generation of interrupts based on the 
value programmed into the К53-К50 bits of Register ДАН. This allows the user to disable 
this function without affecting the programmed rate. Writing a "1" to this bit enables the 
generation of periodic interrupts. This bit is cleared to "0" by Reset. 


AIE - The generation of alarm interrupts is enabled by setting this bit to a "1". Once this 
bit is enabled the Real Time Clock will generate an alarm whenever a match occurs 
between the programmed alarm and clock information. If the don't care condition is pro- 
grammed into one or more of the Alarm Registers, this will enable the generation of 
periodic interrupts at rates of one second or greater. This bit is cleared by Reset. 


UIE - The update ended interrupt enable bit is used to enable the update end flag (UF) bit 
in register ОСН to generate an interrupt. A "1" in this bit enables the interrupt generating. 
А "0" disables it. This bit is cleared by reset. It is also cleared when the SET bit goes high. 


SQWE - The square wave enable bit is always fixed to 0. It will disable the square wave 
generation. 


DM - The data mode bit is always fixed to 0. It will always select the BCD format for real 
time clock. 


24/12 - The 24/12 control bit is used to establish the format of both the Hour and Hour 
Alarm bytes. If this bit is a Т, the Real Time Clock will interpret and update the 
information in these two bytes using the 24 hour mode. This bit can be read or written by 
the CPU and is not affected by Reset. 


DSE - The Real Time Clock can be instructed to handle daylight savings time changes by 
setting this bit to a "1". This enables two execeptions to the normal time keeping sequence 
to occur. On the first Sunday in April the time increments from 1:59:59 AM to 3:00:00 AM. 
On the last sunday in October when the time first reaches 1:59:59 AM it changes to 1:00:00 
AM. Setting this bit to a "0" disables the execution of these two exceptions. RESET has no 
effet on this bit. 
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REGISTER 0CH 


Index register port : 70H 
Data register port : 71H 


Bits 


3-0 


Function 


ТВОЕ - The interrupt request flag bit is set to a "1" when any of the conditions which can 
cause an interrupt is true and the interrupt enable for that condition is true. The condition 
which causes this bit to be set, also generates an interrupt. The logic expression for this 
flag is: 

IRQF - PF & PIE * AF & AIE * UF & UIE 
This bit and all other active bits in this register are cleared by reading the register or by 
activating the PSRSTB* input pin. Writing to this register has no effect on the contents. 


PF - The periodic interrupt flag is set to a "1" when a transition, which is selected by 
RS3-RS0, occurs іп the divider chain. This bit will become active, independent of the 
condition of the PIE control bit. The PF bit will then generate an interrupt and set IRQF if 
PIE isa "1". 

AF - А "l" appears in the AF bit whenever a match has occured between the time registers 
and alarm registers during an update cycle. This flag is also independent of it's enable 


(AIE) and will generate an interrupt if AIE is true. 


UF - A "1" appears in the UF bit whenever an update cycle is ended. This flag is also 
independent of it's enable (UIE) and will generate an interrupt if UIE is true. 


Not used - All unused bits will be "0" when read and are not writeable. 


REGISTER ОРН 


Index register port : 70H 
Data register port : 71H 
Index : ООН (Read Only register) 


Bits 


6-0 


Function 


VRT - The valid CMOS RAM and time bit indicates the condition of the contents of the 
RAM апа real time clock. This bit is cleared to a "0" whenever the PSRSTB* input pin is 
low. This is normally derived from the power supply which supplies Vcc to the device and 
will allow the user to determine whether the registers have been initialized since power 
was applied to the device. Reset has no effect on this bit and it can only be set by reading 
register ОРН. 


Not used - All unused bits will be "0" when read and are not writeable. 
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CMOS Static RAM 


The 114 bytes of RAM from index address ДЕН Typical apolications will use these as 


to 7FH are not affected by the real time clock. nonvolatile storage for system configuration 
They are accessible during the update cycle and parameters. They are normally battery powered 
тау be used for whatever the designer wishes. when the system is turned off. 


ABSOLUTE MAXIMUM RATINGS* 
тора НИ У ПИ НИЦА ПИ У 





Parameter Symbol Min. Max. Unit 
supply Voltage VCC 03 +67 V 
Input Voltage Vi 03 +67 ү 
Storage Temperature Tstg -55 +125 с 





*Comments 
Stresses above those listed under "Absolute these or any other conditions above those 


Maximum Ratings" may cause permanent indicated in the operational sections of this 
damage to the device. These are a stress ratings specification is not implied. 


only and functional operation of the device at 

ш EN e 

Condition 

CR M КІСІ 
ел 
ku 
aY; БР шин шин 
= си 


DC ELECTRICAL CHARACTERISTICS 
(Vcc = 475 to 525V, Та = -20 to +70 С) 
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AC ELECTRICAL CHARACTERISTICS (8 MHz) 
(Усс = 4.75 to 525V, Та = -20 to +70 С) 


Symbol} Description Typ. Unit Note 
2 


Address hold time from command 
inactive 
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Симе | мэ UM82C206 


Condition 
ГЕ аана Ч 
е panne — 
ЕСІТТІ ЕЕ 
БЕСІГІН 
е мене 0000 
е emas — _ 
ССИ 
ru 


SYSCLK period (DMA clock 
SYSCLK) 


















Max 


= 
o 


= 


s 


ns 













=| 125 


5 
o 


Eo | Ro 
c о 
% 





сә 


пан, 


SYSCLK period (ОМА clock 
SYSCLK/2) 


= 
o 


со 


3 


SYSCLK low tine (ОМА clock 
SYSCLK) 


SYSCLK low time (DMA clock 
SYSCLK/2) 







SYSCLK high time (DMA clock - 
SYSCLK) 


SYSCLK high time (DMA clock -| 27 


SYSCLK/2) 


Ен DREQi setup to SYSCLK an 
а | HRQ valid from SYSCLK = 
E. 





HLDAL setup to SYSCLK 
AENi valid delay from SYSCLK 


I-A 
о 
ол 
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| Condition 
а eem e | | le |- [| 
ИТТИ | | |» |- [| 
rt 
: 


Address hold time from DMAMEMR 
high 


Address tristate delay from SYSCLK 
DACKi delay from SYSCLK 
Command enable delay from SYSCLK 






















t 
. t 
t 
t 
t 
t 


59 
60 
61 
62 
63 
64 
65 





cr 









t66 
107 
168 

69 


t 


Command active delay from SYSCLK 




















t70 Write command inactive delay from 
SYSCLK 

t71 Address hold time from write |75 ns 
command high 

t72 Command  tristate delay from 75 
SYSCLK 

t73 Read command inactive delay from 115 S 










SYSCLK TC delay from SYSCLK 


ТС delay from SYSCLK 


XDO-XD7 setup to read command 
inactive 


t74 





{75 
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| Symbol Description Type | Мах. | Unit Test Note 
Condition 
.t76 XD0-XD7 hold time from 
command inactive 


LETT Е 
E XD0-XD7 hold from write соттапа | 1 
















inactive 
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TIMING WAVEFORMS 


OUTPUT 
COELAY > 


OUTPUT: 
CENABLE ^ 
DISABLE? 


» Vyp = ОМ, tp <10ғ%, Хү SSns 


Figure 12. AC Characteristics Measurement Waveform and Load Circuit 
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ХІОКж Д 
хІОМИ $ 

+13 +44 
IOCHRDY 


| IOCHRDY OUTPUT 
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t21 +1 +3 













хіонж %2 
C 
ХТОК м 
122 %23 ER t4 t5 
хоо-хо? | — (P770 Rese bata? 
REAL TIME CLOCK ACCESS CYCLE 
%25 
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ы 
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+27 128 
PSRSTB» 


| 129 
МВТ bit / 
Cinternal 5 


REAL TIME CLOCK POWER-UP SEQUENCE 


TMRCLK 
САТЕ2 


от 2 


COUNTER/TIMER PARAMETERS 
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XIOR x cars“ 
DMAMEMR x — 


note 3 — 


ТС ——<—rasr 
| +80 
IOCHRDY NNNM, ЗУ ҚУ 


see note 5 


DMA Transfer Timing 





| so | 511 | 512 | 515 | 514 | 521 | 522 | 523 | 524 | Si | 
SYSCLK 
see note 1 
t58 2 
ADSTBS "EM Ж 
ADSTB16 | 
| = | ере __ 
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DD 
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+72 
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ОМАМЕМИ# 
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see note 3 — 


TC 


see note 5 


Memory — to — Memory Transfer 
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SCLK 
see note 1 
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ЛҮ 71777777 


124 +74 


Compressed Transfer 


NOTES: 


1. All timings referenced to SCLK аге 
independent of the state of the clock select 
bit in the configuration register. SCLK shown 
in this diagram is the undivided clock 
directly from the input. 


2. Extended Write mode selected. 


3. Extended Read mode selected. 


4. IOCHRDY Input Timing. 


5. DMA wait states are added between 53,54 іп 
normal timing; between S2,S4 in compressed 
timing; between S13, 514 and S23, 524 in 
memory-to-memory timing. 
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3865Х/286 АТ Chip Set 


Features 


* 100% PC/AT compatible enhanced chip set for 12 Mhz, 16 Mhz and 20 Mhz 
systems. 


* Supports Page Interleaved Mode & Single Bank Page Mode for memory access. 


* Supports 16 Mhz 80286/80386SX systems with 100 ns DRAMs and 20 Mhz 
systems with 80 ns DRAMs. 


* Separated CPU and AT Bus clocks. 

* Supports LIM EMS 49. 

* Programmable memory configuration , Command Delays , and Wait States. 
* Supports Shadow RAM for Video ROM and BIOS. 

* Optimized for OS/2 operation. 


General Description 


Тһе UM82C210 is an enhanced PC/AT compatible chip set which is a highly 


integrated VLSI implementation of the control logic used in the IBM AT. Due to 


its flexible architecture, the UM82C210 can be used. in any 80286 based systems. 
The UM82C210 chip set consists of three chips which аге: UM82C211 (System 
Controller), UM82C212 ( Memory Controller ) , and UM82C215 (Data /Address 
Buffer). | | | 


The ОМ82С211 , System controller, provides all control signals for АТ bus 
including bus synchronization. In order to meet timing requirements for different 
peripheral boards, the UM82C211 provides programmable command delays and 
wait states. 


The UM82C212 , Memory Controller, provides both conventional memory access 
and Page Interleaved memory access. The UM82C212 also has LIM EMS features 
that support up to 8 MB of on-board DRAMs. In addition, the Shadow RAM 
feature of the UM82C212 allows faster execution BIOS codes. 


The 0М82С215, Data/Address Buffer, provides buffering and latching functions 
between address buses and data buses. It also generates the parity bit and detects 
parity errors. 


6—67 





> 
ы. 
= 
° 
2 
C 
~ 
2 
v 
с. 











шелдета x»org 091545 LY ZHIA-0c/91 





(/М82С210 Series 
3865Х/286 AT Chip Set 





| 61 11 si] PIL JL] festwx 
-0Ух a 


som | доезевип Е Е 91-0%$ 








98208 





пао 





6-68 





UM82C211 
System Controller 


© 


1. UM82C211 SYSTEM CONTROLLER 


The UM82C211 highly integrates CPU interface and bus control logic. Most of the 
system functions, except memory access, are taken саге of by the UM82C211. Тһе 
main functions of the UM82C21] are reset and shutdown, clock generation, clock 
speed selection, CPU state machine, AT bus state machine, bus arbitration , 
action code generation, Port B and NMI generation, DMA, refresh, numeric 
coprocessor interface, etc. 
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11 Operation Modes of the UM82C211 


There аге 4 operation modes provided by the UM82C211 for different CPU апа 
AT bus clock selections. These 4 modes are Normal, Quick, Delayed, and External 
Modes. 


111 Normal Mode 
'The clock selections in Normal Mode are: 


PROCCLK = CLK2IN and 
SYSCLK = CLKAIN /4 


Because the PROCCLK and SYSCLK are both derived from the CLK2IN, the 
Normal Mode is asynchronous mode. In the Normal Mode, the ALE and 
commands ( ХМЕМЕ, XMEMW, XIOR, XIOW) are issued for AT bus cycle only, 
and have nothing to do with the local cycles. | 








112 Quick Mode 
'The clock selections in Quick Mode are: 


PROCCLK = CLKA2IN and 
SYSCLK = CLK2IN / 2 


Since the PROCCLK and SYSCLK аге both derived from the CLK2IN, the Quick 
Mode is a synchronous mode also. One of the differences between the Normal 
Mode and the Quick Mode is that the ALE signal is generated on the AT bus for ` 
both AT bus cycle and local bus cycle in the Quick Mode while the ALE is 
generated for only AT bus cycle in the Normal Mode. However, the commands | 
(XMEMR, XMEMW, ХОБ, XIOW) are still not issued for local bus cycles in the ` 
Quick Mode. 


113 Delayed Mode 
The clock selections in Delayed Mode are: 


PROCCLK = CLK@IN and 
SYSCLK = CLKZIN /2 


This mode 15 a synchronous mode also. The clock selections for the Delayed Mode 
are the same as the selections for the Quick Mode. However, this mode is enabled 
when the Quick Mode is disabled. In the Delayed Mode, the ALE and commands 
are generated for AT bus cycle only, and not generated for any local bus cycle. 


6—70 




















Oume 2 Қы 


m Controller 





114 External Mode 
Тһе clock selections in External Mode are: 


PROCCLK = СКОК and 
SYSCLK - ATCLK /2 


Since the ATCLK is running asynchronously to CLK2IN and the SYSCLK is 
derived from АТСГК, the External Mode is an asynchronous mode. 


12 Configuration Registers 


There are three &-bit registers provided in the UM82C211 for configuration 
purposes. In order to reduce the number of I/O ports required to access all the 
registers used in the UM82C210 chip set, the index access is used. To access a 
particular register, the index address is placed at address port and data is located 
at data port. 


The first register, R11, is used for PROCCLK selections, time out enable, NMI 
enable, and CPU software reset. The second register, R12, is used for command 
delay selections , hold time delay, and Quick Mode enable. The third register ,R13, 
is used for SYSCLK selections, wait state selections. 


R11: (Index Address 60H) 


17М82С211 revision number. 
4 
1 
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R12 : (Index Address 61H) 


Address hold time delay. 
PE Quick Mode enable. 


5,4 AT Bus 16 bit y: command ЗИМЕ 


AT Виз 8 Би memory command delay. 


AT Bus I/O cycle command delay. 















R13: (Index Address 62H) 


mmm ин 


13 Action Codes 







In order to convert 16-bit operations to 8-bit operations for CPU to access 8-bit AT 
bus devices, the UM82C211 generates Action Code Enable and action codes to 
control the buffers in the UM82C215 for the bus conversion. Table 11 defines the 
Action Code Enable and Action Codes. 
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Function | 


16 & 8-bit R/W operations 


Write, МО0-7 to MD8-15 . 
16 & 8-bit R/O operations 


Table 1.1 Functions of Action Codes. . 
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14 Митепс Coprocessor Interface 


The UM82C211 provides necessary interface circuitry between 80286 and its 
coprocessor 80287. The major functions of the interface circuitry are as follows : 


1) Numeric Coprocessor chip selection decoding. 

2) Resetting Numeric Coprocessor. 

3) Handling NPBUSY and ERROR signals from 80287 to the CPU. 
4) Generating interrupt signals for error conditions. 
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2. UM82C212 MEMORY CONTROLLER 





Тһе UM82C212 performs the memory control functions in the UM82C210 system. 
Several distinquished features are integrated in the UM82C212 that makes the 
UM82C210 system become one of the most advanced 80286 AT compatible 
systems available. First of all, the UM82C212 provides Page Mode to access the 
memory with interleaved memory banks. By using this Page-Interleaved scheme, 
the UM82C212 provides higher performance over conventional DRAM accessing 
schemes. As a result, the UM82C212 can support a 16 Mhz system with 100 ns 
DRAM by the use of the Page-Interleaved mode. 


The UM82C212 also supports up to 8 Mbytes of on board memory. Also, the 
UM82C212 will automatically remap the RAM resident in 640 Kbytes to 1 Mbytes 
area to the top of the 1 Mbyte address space. In order to access the memory 
resident beyond the 1 Mbyte address space, the UM82C212 provides address 
translation logic to support the LIM-EMS 40. The shadow RAM feature is also 
integrated into the UM82C212 for efficient and fast BIOS execution. The 
UM82C212 also provides 05/2 optimization that allows faster switching between 
the real mode and protected mode. A staggered DRAM refresh scheme is also 
included to reduce power supply noise. 


16 I 5 

Т UM82C212 69 
68 

E Memory Interleaved/Page a 
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21 Memory Array Configuration 

The memory configuration required by the 80286 PC/AT systems is organized as banks 
with widths of 18 bits. Sixteen bits are used as data words split into high and low order 
bytes. The other 2 bits are used as parity bits, one for each byte. Since the UM82C212 also 
provides conventional memory accessing, the minimum memory configuration can be a single 
bank for non-interleaved mode and page mode. However, at least two identical memory 
banks are required for the operation of the Interleaved mode. Table 2.1 shows the 
commonly used memory configurations. 


DRAM Type 
Total Memory EMS Range 


ГЕН ЕС 
м fo Mb 2M 


3 256K 256K ДЕН 1Mb to 1.384Mb 


D 
256K 256K 256K 256K 1Mb to 2Mb 
[em | ва Т 
As mentioned above, the possible memory configurations for Page-Interleaved mode are Хо. 


Table 2.1 Commonly Used Memory Configurations 
3, 4, 5, 6, and 7 in Table 2.1. Others for Single Bank Page Mode. 
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2.2 Page/Interleaved Operation _ 


Besides conventional memory accessing, there are several different accessing 
modes available that make the memory access time much shorter than the access 
time of the conventional mode. Three most commonly used modes are Interleaved 
Mode, Page Mode, and Page-Interleaved Mode. 


Basically, the Page-Interleaved Mode takes the advantages of combining the 
operations of Interleaved Mode and Page Mode. It allows the memory to be 
interleaved at page boundary instead of 2 bytes boundary. Figure 2.1 shows the 
sequence diagram of the Page-Interleaved operation. 


- 


CLK2IN 


КАЗ 


CASI 


DATA 


CLK2IN 


Ts 


READ CYCLE -9%- READ CYCLE —M- READ CYCLE -% 


Tc Ts 1c 15 Tc 
0 1 | 2 р ñ С ) Ё Ё р ñ 4 ) Ë Ё 
і 
! 


І 
i | 
x | «ШІ? 


Figure 2.1 Page Mode Operation (Read Cycle) 
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Figure 2.2 Page-Interleaved Mode Operation (Read Cycle) 
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2.3 Enhanced Functions 


Besides the standard PC/AT functions, several new functions have been included in the 
UM82C210 chip set. These enhanced functions are OS/2 operation optimization, memory 
relocation, shadow RAM, EMS, etc. | 


2.3.1 OS/2 Operation Optimization 


In order to switch CPU into protected mode for standard PC/AT architectures, the CPU . 
has to issue two commands to the keyboard controller to reset the CPU and to activate 

GATEA20. The UM82C210 provides another method to handle the mode switching for 

OS/2 optimization. 0М82С210 uses two I/O write operations; the CPU will be reset and 

GATEA20 will be enabled. Since this method involves two I/O writes only, it makes mode 

switching much faster. 
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2.3.2 Memory Relocation 


Normally, the memory space from address 640K to ІМ is reserved for EPROM use. How- 
ever, if the system is equipped with 1 Mbyte DRAM, the memory with the addresses higher 
than 640K has to be relocated in order not to conflict with the EPROM addresses. The 
UM82C212 provides this kind of mapping. DRAM addresses from 640K to 1M will be 
translated to new addresses from 1M to 1.384M. 


2.3.3 Shadow RAM 


For the purpose of efficiency, it is preferable to execute BIOS codes through the DRAM 
accesses rather than through slower EPROM accesses. The UM82C212 provides the shadow 
RAM feature that allows the system to copy the BIOS codes from the EPROMs to Ше 
DRAMS with the same physical addresses and disable the EPROMs. This feature improves 
the performance of BIOS call intensive application programs significantly. 


2.3.4 Expanded Memory System (EMS) 


Due to the limitation of the DOS, the memory space with addresses higher than 1M can 
not be accessed in the real mode of the 80286 CPU. However, the EMS is a memory mapping 
scheme that provides a method for the system to access the memory beyond 1 Mbytes 
address. The EMS is used to map a 64 Kbyte block of memory within the area СООООН- 
EFFFFH to anywhere in the 1 Mbyte to 8 Mbyte area. This 64 Kbyte block is divided into 
four 16 Kbyte pages. Each 16 Kbyte segment can be mapped to anywhere independently 
through the translation table. The UM82C212 provides all the necessary logic with the trans- 
lation table for the EMS operation. 

In the case of using EMS mapper chip, the EMS is used to map a 64K byte block of memory 
within the area 40000H-7FFFFH & C0000H-EFFFFH to anywhere in the 1M byte to 8M 
byte area. 
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2.4 Configuration Registers 

There are twelve &bit registers, R21-R2C provided in the (/М82С212 for 
configuration purposes. In order to reduce the number of I/O ports required to 
access all the registers used іп the UM82C210 chip set, the index access scheme is 
used. To access a particular register, the index address is placed at address port 


and the data is located at data port. 
R21 : (Index address 64H) 


R22 : (Index address 65H) 


Function 
ЛИ ROM disabled at FOOOOH-FFFFFH. 


ROM disabled at Е0000Н-ЕЕЕЕЕН. 


ROM disabled at 00000Н-ОЕЕЕЕН. 


ROM disabled at С0000Н-СЕЕЕЕН. 


Write protection. Shadow RAM at F0000H-FFFFFH. 


Write protection. Shadow RAM at E0000H-EFFFFH. 























n Write protection. Shadow RAM at D0000H-DFFFFH. 
Write protection. Shadow RAM at C0000H-CFFFFH. 
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Reserved. 


Reflects the 0-256K memory status for supporting EMS 4.0 


Reflects the 256K-512K memory status for supporting EMS 4.0 


Enable RAM on system board at 80000H-9FFFFH. 
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2. Enable Shadow RAM а: B0000H-B3FFFH. 






Enable Shadow RAM at B4000H-B7FFFH. 


КЕНТТЕГІ a 


Enable Shadow RAM а: ACO00H-AFFFFH. 
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R25 : (Index address 68H) 


Е БЕН 
DE 





















Enable Shadow RAM at D8000H-DBFFFH. 


Enable Shadow RAM at DC000H-DFFFFH. 


R26 : (Index address 69H) 


СГТС 
| 
[eto кама наннан 








6-80 








(Т); s= s= UM82C212 
ВЕБЕ Memory Controller 








R27 : (Index address 6AH) 


Гн Enable two banks of memory. 


5 
6,7 Type of DRAM : 
00: Disabled 
10: 256K and 64K bit DRAMs used. 
01: 256K bit ОКАМ$ used. 

: 1M bit DRAMs used 
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R28 : (Index address 6BH) 


4 


mi EMS enable. 
m RAM access wait states. 
ТИЕГІ ШІ хан 
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Function 


4 2-чау/4-мау page interleaved selection. 


Number of local RAM banks used. 


Local DRAM type : 
0 0: none. 
] 0: Reserved. 
0 1:256 Kbit. 
1 1:1Mbit. 





R2A : (Index address 6DH) 


EMS page register 1/О base address. 







: 208H/209H 
: 218H/219H 
: 258H/259H 
: 268H/269H 
: 2A8H/2A9H 
: 2В8Н/2В9Н 
: 2ESH/2E9H 
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Expanded memory base address. 

0 0 0 0: C0000H,C4000H,C8000H,CC000 
1 0 0 0: С4000Н,С8000Н.ССОООН, 00000 
0 1 0 0: C8000H,CC000H,D0000H,D4000 
1 10 0: CC000H,D0000H,D4000H,D8000 
0 1 0 0: D0000H,D4000H,D8000H,DC000 
1 0 1 0: D4000H,D8000H,DC000H,E0000 
0 1 1 0: D8000H,DC000H,E0000H, E4000 
1 1 1 0: DC000H,E0000H,E4000H,E8000 
О 0 0 1: E0000H,E4000H,E8000H,EC000 
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R2B : (Index address 6ЕН) 






















ЕМ5 block for page 3: 


Ви Ви0 EMS memory block 
(A22 A21) 
00 :0-2Mbyte 


01 :2-4Mbyte 
10 : 4-6Mbyte 
11 :6-8Mbyte 





EMS block for page 2 : 


Bit3 Ви2 EMS memory block 
(A22 A21) 

00 : 0-2 Mbyte 
0 1 : 2-4 Mbyte 
10 : 4-6 Mbyte 
11 : 6-8 Mbyte 





EMS block for page 1: 


Bits Ви4 EMS memory block 
(A22 A21) 
0 0 -: 0-2 Mbyte 


01 : 2-4 Mbyte 
10 : 4-6 Mbyte 
1 1 : 6-8 Mbyte 





EMS block for page 0: 


Ви? Виб EMS memory block 
(A22 A21) 
00 : 0-2 Mbyte 


01 :2-4 Mbyte 
10 : 4-6 Mbyte 
1 1 : 6-8 Mbyte 


Function 


UM82C212 
Memory Controller 
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R2C : (Index address 6FH) 


Bits 


1 


+ 


Function 

Reserved. 

СРОА20 enable. 
RAS time-out enable. 


Reserved. 


EMS mapper enable 


5-7 Size of EMS memory : 


к. Ore с - о ~ о 
— ка СО ОО кА СОСО 
кі ка ке һа COO Ф 


: < 1 Mbyte 
: 1 Mbyte 

: 2 Mbytes 

: 3 Mbytes 

: 4 Mbytes 

: 5 Mbytes 

: 6 Mbytes 

: 7 Mbytes 
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3. UMS2C215 Data / Address Buffer 


The UM82C215 Data/Address buffer, basically, provides the functions of 
buffering and latching among several buses. The 16 bit to 8 bit bus conversion is 
also performed by the UM82C215 when the conversion is needed. The parity 
checking will be performed when the UM82C215 receives data and the parity bit 
will be generated when the UM82C215 sends data out. The major functions of the 
17 М82С215 are address buffering and latching, data buffering and latching, bus 
conversion, parity checking and parity bit generation. 


14 Л 
П 71 
16 2 
17 UM82C215 69 
18 Ч 
0 Data / Address Buffer 61 
2 65 
1 РІСС 64 
m 63 
24 a 
n 61 
: 60 
27 1 
5 М 
2 57 
2 56 
x 55 
32 m 


чәтлоб 2 - 
d ч“ 3-і — өзі =ч 


< < < < < x 





6—85 


72 
k 
n 
о 

а 
© 
5 
= 
Ú 
с. 








00): змс | UM82C215 


Data/ Address Buffer 





21 Address Buffers and Latches 


The address buffering between the CPU address lines А16-А1 and the X bus 
address lines ХА16-ХА1 is provided by the UM82C215. The ТАТЕ is used to latch 
the CPU address lines. 


32 Data Buffers and Latches 


The UM82C215 provides the buffering between the CPU data bus D15-D0 and the 
memory data bus MD15-MD0. The memory data bus can be latched. However, the 
latch enable is controlled by the DRD, ACEN, and action codes. 


33 Bus Conversion 


When the 16 bit CPU accesses data from/to 8 bit devices, the function of bus 
conversion is needed. The UM82C215 provides the bus conversion for the CPU 
80286 to read/write data from/to 8 bit devices. The bus conversion for DMA 
cycles is also provided. All of these conversions are controlled by the action codes. 


Table 3.1 Bus Conversion 


AC] АСО Сусіе Орегапоп 

0 0 СРИ Write - 16 Bits 

0 1 СРЏ Read - 16 Виз 

0 0 СРО Write - 8 Виз (low byte) 
0 1 СРО Read - 8 Виз (low Бие) 
1 0 СРО Write - 8 Виз (high byte) 
1 1 CPU Read - 8 Bits (high byte) 
1 0 DMA/MASTER Write - 8 Bits (high byte) 
1 1 DMA/MASTER Read - 8 Bits (high byte) 


34 Parity Checking and Generation 


The UM82C215 checks the parity for each data byte read from local memory. If 
any parity error is detected, the UM82C215 then activates PARERR. In addition, 
the UM82C215 generates a parity bit for each data byte which is going to be 
written to local memory. 
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l. General Description 


The UMCs MORTAR (286AT) Chip Set UM82C230 series provides an 
economic alternative for building a reliable IBM PC/AT compatible system. 


A commercial 12MHZ/O wait state, 4MByte main memory system and 
math-coprocessor can be easily built by using 3 VLSIs, 8 logic components 
plus memory and processor. 


2. Features 
* Fully PC/AT-Compatible for 10MHz and 12M Hz systems. 


© 
ы 
с 
[e 
2 
Е 
2 
Ü 
б. 





* Guaranteed zero wait state Тог 8006 DRAMs at 12MHz and one wait state 
for 120ns DRAMs at 12.5MHz. 


. Supports up to 4МВ local memory оп board. 

• Remaps 384KB of top of system local memory space. 

• Supports 1M/256K SIM module. 

* Supports 12MHz operation with опе wait state for 20005 EPROM. 
“ Commercially available BIOS (Phoenix/Award/AMI) applicable. 


* Easy design system board, three VLSI chips and eight TTLs configure 
all the logic. 


* Landmark speed-159MHz operating at 12MHz, 165MHz operating at 
125MHz. 
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The ОМ820230 MORTAR chipset consists of the UM82C231 
System/Memory Controller, the UM82C232 Data/Address Buffer and the 
UMS82C206 Integrated Peripherals Controller (IPC). 


As shown in the System Block Diagram, there are three data buses: local 
data bus, AT data bus and peripheral data (XD) bus. The local DRAM, 
EPROM and Numerical Processor are located on the local data bus. The 
UM82C206 апа 8042 Keyboard Controller sit.on the XD bus. The АТ data 
bus was driven by the UM82C232 directly which conveys the data to/from 
the AT Channel Adaptors. 


'The address bus architecture is also very simple; local CPU address bus, 
local DRAM address bus (МА), peripheral address bus (ХА) and AT address 
bus. The local address bus is shared between CPU, UM82C231 and 
UM82C206. Тһе MA bus is used by the local DRAM only. Most of the system 
board devices are attached to the XA bus, like UM82C232, UM82C206, ROMs 
and 8042. Some AT address lines are driven by the UM82C231 or UM82C232 
directly; the others are buffered. 


The UM82C231 provides synchronization and control signals for all buses. 
Тһе ІЛМ82С231 also distinguishes if the current cycle is local memory cycle. 
Upon detecting that it is a local DRAM cycle, no AT control signals are sent 
out to the AT channel Тһе UM82C231 is based on the memory 
configurations to complete the current cycle with fastest response. If the 
cycle is AT cycle, the UM82C231 sends out the control signals sequentially 
which are then used by the adaptors or system board devices to receive the 
write data or to send the fetched data. Then, depending on the status 
signals sent back by the adaptors or system board devices, the UM82C231 
determines which kind of AT cycles to perform: 866, 16-bit, bus 
conversion, wait state insert, or 0 wait state cycle. 


The (/М82С232 Data/Address buffer provides the buffering and latching 
between the CPU local data bus, AT bus and XD bus. The parity bit 
generation and parity bit checking logic resides in the UM82C232 also. 
During DMA cycles, the UM82C232 latches the address from XD, which is 
sent by the UM82C206, and transfers to XA bus. 
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UM82C230 Series 
286 РСТАТ Chipset 





MORTAR Chip Set System Diagram 





Required IC List : 


80286 
UM82C231 
UM82C232 
UM8&2C206 
27256 

8042 


СОКТКО 


Е LDO-15 


5А14 
15 


ЕРКОМ 
128КВ 


74Е74 
741,508 
7407 
14069 

74 А1,504 
74А1,5245 
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CPU BUS 
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1. Сепега! Decription 





UM82C231 
System/Memory Controller 





The UM82C231 is a system/memory controller. It performs the CPU 
interface, AT system bus interface and memory interface functions. 


2. Features 

- CPU interface and bus control. 

• PC/AT expansion bus interface. 

• Clock generation. 

• Numericl processor 80287 ега се 
* Peripheral chip interface. 

* Refresh and DMA logic. 

* Reset and shut down logic. 


- Supports 64K ~ 256K and 1M DRAM 


* Supports up to 4M Bytes on board memory. 


* Advanced 124 m CMOS technology. 
* TTL compatible inputs. 


* 136 pin flat package. 
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3. UM82C231 Block Diagram 


CPU STATE 
ALE. SWAP/INTA. /SBHE 


AT STATE | /SMWR/SMRD/CMD/IOCMD 


MACHINE 





MEMORY 






MIO /SL./S0 CONTROL СТ /ATMR/ATMW © 
STATE MACHIN 5 
1МЕ /IORD/IOWR о 
2 
LATCH 7 
ADDRES: “рвАм а EPROM | / А5/СА5МА(0.9) с 
А(0.23| м CONTROL LOGIC] /DWE/LOM/ROMCSDMDL 
GTA20 
EWS, MS [0..2 


y —EWRGD | CPUBST 
KBDRST SYSRST 









CLK4IN 






ATCLK 
















BUS ARBITRATION 
& 
REFRESH LOGIC 








HOLD,HOLDO 
/RFSH 


` HLDA , /ЕЕ5НВО 


HRQ 







/CPBUSY /BUSY.CPINT 


CPRST.CPCLK 






80287 INTERFACE 
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4.UM82C231 Pin Configuration 
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5. 82C231 Pin Description 





Pin Name. Pin Туре Pin №. 





A(23:0) 


AT bus unlatched address bus Bit 23 - 


LA(23:17) 


ХА(19:17) 


АТ bus latched address bus Bit 19 - Bit 


AT bus latched address bus Bit 16; It is 


X A(16:1) 


GTA20 





I 


11,9,8, 7,6, 
5.4, 3,133, 
31, 129, 
127, 125, 
123, 121, 
119, 117, 

115, 113, 
111, 109, 
107, 100,98, 


105,134, 16, 
19,37, 66,84 


80,82,78 


94, 87, 101, 
65, 62, 60, 
99, 56, 54, 
52, 48, 41, 
79,81,83, 89 


90 


13 


0М82С231 


System/Memory Controller 





Description 


Local address lines from CPU; A(23:17) 
also connected to 82C206 to represent 
the DMA page address during DMA 
cycles. 


Bit 17; These pins are outputs during 
CPU or DMA cycles and become inputs 
during REFRESH or MASTER cycles. 


They have 24 ma current sinking: 


cabability. 


17. They are activated during CPU and 
DMA cycles; tri-stated otherwise. 


an output pin for CPU or REFRESH 
cycles and becomes input during DMA 
or MASTER cycles. ХА15 and ХА14 
have 24 ma current. sinking capability. 


AT bus latched address bus Bit 0; It is an 
output pin for CPU, REFRESH or 16-bit 
DMA cycles and becomes input during 
8-bit DMA or MASTER cycles. 


AT bus unlatched address bit 20 enable 
control; the logic low of this signal will 
force LA20 stay low during CPU cycles. 
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Pin Name. Pin Туре Pin No. Description 





M-I/O I 51 Memory ог 1/О cycle status signal from 
CPU. 





BHE* I 49 Byte high enable signal from CPU to 
indicate that high byte accessing is 
required for the current cycle. 

Е 25 Л o Т у, s 

SBHE* B 06 System Byte high enable to AT bus 
through buffer; it is output normally 
and becomes input when MASTER has 


the AT bus. 
Е ZZ RR ЕВУ UMEN 
CLKAIN I 2 . ОБС. input; divided by two to derive 


CPU CLK2. This signal is also used to 
control DRAM access timing. 


—— = ААА еее 


CLK2 0 50 OSC. output; used as the CPU CLK2 
source. 

MU esc 

ATCLK 0 64 AT system clock connected to AT bus 


through buffer. This clock output 
synchronized with CLK2 and generated 


from CLK4IN /6. 
о ва али 
ЗО" Ї 55 CPU status line 0; normally it indicates 


that the current cycle is write cycle. 


51% І 453 CPU status line 1; normally it indicates 
that the current cycle is read cycle. 


INTA* I 88 Interrupt acknowledge cycle indication; 
when 50% 51% апа M-I/O are monitored 
low, this signal will be activated. 


READY* О 39 CPU ready signal; CPU samples this 
signal at the end of every Tc state. The 
current cycle will be terminated if 
sampled low. 

————— Маш m а 2 6 а ы рсе ык 2 ысымы L 

HLDA I 59 Hold acknowledge input from CPU; 
CPU will relinquish the local buses 
when this signal is active. 


—ү—үө———————————:——: :® ®Е: Б БЕ=єБё : _—-:—_-- 
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Pin Name. Pin Type Pin Мо Description 


HRQ I 15 ОМА or MASTER cycle request from 
82С206. 
RFSHRQ* I 61 Refresh request signal from 82C2065 timer 1 


output. normally this signal is activated 
around 15.6 micro second. 


HOLD O 73 Hold request to CPU; either HRQ or 
RFSHRQ* is arbitrated. Hold wil be 
generated to ask for the buses. 


HLDAO O 44 DMA or MASTER cycle acknowledge signal 
to 82C206; if HRQ is arbitrated and CPU 
relinquishes the buses, HLDAO is activated 
to notice that the DMA controller or 
MASTER can issue the control signals to 
perfrom the transactions. 
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RFSH* B 124 Refresh cycle indication; it is an output pin 
normally and become input pin during 
MASTER cycles. 


PWRGD I 63 Power good or bad indication; if this signal 
is low, the system will stay at the reset 
condition. 


KBDRST* I 40 CPU reset request from keyboard controller; 
when detect a low pulse of this signal, 
82C231 will reset CPU. 


CPURST О 46 CPU reset; for both PWRGD апа KBDRST* 
are low, CPURST will be activated. 


SYSRST О 42 System reset; for PWRGD is low Sysrst will 
be activated. 


CPBUSY* I 20 Co-processor busy sigrial; which indicates 
CO-processor 15 accessed. 
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Рап Name. Pin Type Pin No. Description 





CPERR* I 26 Co-processor error signal; indicates 
| ) 
CO-processor' accessing has error. 


BUSY* O 97 Busy signal to CPU; which indicates 
that co-processor is busy or has error. 





CPINT O 99 Co-processor interrupt; which indicates 
that the co-processor has error and the 
system software has to do somthing. 





CPRST O 05 Co-processor reset; a system reset or a 
write to IO address Fl hex will trigger 
this signal active. | 





CPCLK O 93 CLK4IN/3 clock output has 33% duty 
cycle. 

DMAS* I 30 8-bit DMA cycle indication. 

DMAI6* I 32 16-bit DMA cycle indication. 

CHRDY* I 57. Channel ready signal from AT bus; 


82С231 monitors this signal to 
determine that if the accessed device 
requires more wait states to complete 
the transaction. 





NOWS* I 47 Мо wait state signal from АТ bus; 
82C231 monitors this signal to 
terminate the current AT cycle 


immediately. 
М16* І 45 Memory data size 16-bit signal from AT 


bus; 82C231 monitors this signal to 
determine the memory slave's data size. 





1016“ І 43 IO data size 16-bit signal from AT bus; 
82C231 monitors this signal to determine 
the IO slave's data size. 





ALE O 38 АТ bus address latch enable; 82C231 
issues this signal to start the AT cycle. 
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Pin Name. Pin Type Pin No. Description 





RAS*(1:0) О 70,72 Row address strobes for the local 
memory; used as bank select. 

CAS*(1:0) O 74,76 Column address strobe for the local 
memory; used as byte enable. 

DWE* O 118 DRAM write or read control signal. 

ROMCS* O 106 BIOS ROM output enable; this signal is 


activated when the BIOS area either 
from 0Е0000БЕЕЕЕ ог > ЕЕО000- 
FFFFFF address range 15 accessed. 
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RD* О 112 Read cycle status signal for CPU, ОМА 
or MASTER cycle; either IO or memory 
read in CPU or MASTER cycle, and the 
the memory read in DMA cycle this 
signal is activated. 


DMDL O 110 Local DRAM read data latch enable; 
this signal is used to latch the data and 
parity bits read from local DRAM by 
the 82C232. 


НРСК“ О 116 High byte parity checking enable; 
82C231 issues this signal if to check high 
byte read data is required. 





LPCK* O 114 Low byte parity checking enable; 
82C231 issues this signal if to check low 
byte read data 15 required. 


LDM* O 108 Local DRAM accessed indication; when 
local DRAM 15 accessed by the bus 
controllers, 82C231 enables this signal. 


ASRTC O 71 Read Time clock address strobe. 


WS* I 91 Local DRAM wait state control; a low 
input, 82C231 will insert one wait state. 
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Pin Name. Pin Type Pin No. Description 





ATMW* B 130 AT bus memory write command signal; 
it is an output pin during CPU cycle and 
becomes input during DMA апа 
MASTER cycles. 


ATMR* B 132 AT bus memory read command signal; 
it is an output pin during CPU and 
REFRESH cycle and becomes input 
during DMA and MASTER cycles. 


SMW КУ | О 77 АТ bus memory write command signal 
when the memory access address is 
below one mega byte. 


SMRD* O 75 AT bus memory read command signal 
when the memory access address IS 
below one mega byte. 


IOWR* B 126 AT bus IO write command signal; it is 
an output pin during CPU cycle and 
becomes input during ОМА апа 
MASTER cycles. 


ТОКО“ В 128 АТ bus IO read command signal; it is an 

output pin during CPU cycle and 
becomes input during DMA and 
MASTER cycles. 


SWAP О 92 High byte data and low byte data 
swapping control signal; the 82C231 
monitors the transaction data size and 
the slave devices data width, then 
enable this signal if required. 


CMD* O 122 Command signal; for every AT cycle's 
read or write cycle this signal will be 
active and has the same timing as read 
or write command. 


IOCMD* O 120 IO command signal; for every AT IO 
cycles read or write cycle this signal 
will be active. 


MA(9: 0) O 33,31,29,  Multiplexed DRAM row and column 


27, 25, 23, | address for the local memory 
21,14,12, 10 
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Pin Name. Pin Type 
MS(2:0) I 
VCC 

GND 

Total Pin 


Pin No. 
24,22,20 


1,34,69 102 


17,18,35 36, 
67,68 85,86, 
103, 104, 
135 136 


136 


Description 


Local DRAM memory configuration 
select. 
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6. Functional Description 


The UM82C231 Виз & Memory Controller consists of the following 
functional sub-modules: 


* Reset and Shut Down Logic. 
* Clock Generation. 


* CPU State Machine, AT Bus State Machine and Memory Control State 
Machine. 


* Bus Abitration ‘Logic, DMA/Master and Refresh Logic. 
* Numeric Processor Interface. 

* System Control Logic. 

* Address Decoding Logic. 

* DRAM & EPROM Control Logic. 


Overview 


The UM82C231 performs the CPU interface, AT system bus interface and 
the memory control functions. The various functional modules are 
discussed in this section. 


61 Reset and Shut Down Logic 


Two reset inputs PWRGD and KBDRST# are provided on the UM82C231 
chip. PWRGD is the Power Good signal from the power supply. When 
PWRGD is low, the UM82C231 asserts CPURST for CPU reset and SYSRST 
for system reset. KBDRST# is generated from the 8042 keyboard controller 
when a CPU reset is required. CPURST is also activated by the UM82C231 
when a shut down condition is detected from CPU status. Both CPURST 
and SYSRST are asserted for at least 16 CLK2 cycles and are synchronized 
with respect to CLK2 to meet the setup and hold time requirements of the 
80286 CPU. 
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62 Clock Generation 


The UM82C231 provides two synchronous clocks CLK2 and ATCLK for the 
system. There is only one input clock CLK4IN, driven from a TTL crystal 
oscillator, running at twice of the CPU clock frequency. ATCLK is also 
derived from CLK4IN at 1/3 of the CPU clock frequency. 


6.3 CPU, АТ Bus and Memory Control State Machine. 


In order to achieve maximum performance of the 80286 CPU and maintain 
100% IBM PC/AT compatibity, it is desirable to run the local memory at the 
rated maximum CPU frequency and the AT bus at a slower clock 
frequency. The two state machines still maintain a synchronous protocol. 


© 
~ 
© 
е) 
2 
= 
fo 
2 
Ü 
б. 





631 CPU State Machine 


Interface to the 80286 requires interpretation of the status lines 508, S14 and 
M-I/O from CPU during phase 1 of TS and generation of READY# during 
TC to the CPU upon completion of the cycle. A(23:0) will be latched during 
phase 2 of TS for internal use. Address Decoding Logic then activates 
Memory Control State Machine for a local memory cycle or AT State 
Machine for AT cycle. Either State Machine terminates itself and CPU 
State machine upon completion of its function. READY! will be sent out to 
the 80286 CPU to finish the cycle. 


632 AT Bus State Machine 


The At Bus State Machine gains control when Address Decoding Logic 
decodes a non-local memory cycle. It uses BCLK which is twice the 
frequency of AT system clock ATCLK, it also performs the necessary 
synchronization of control and status signals between the AT bus and the 
processor. The UM82C231 supports 8 and 16 bit memory or I/O devices 
located on the AT bus. 


AT bus cycle is initiated by asserting ALE in AT-TS 1 state. On the trailing 
edge of ALE, M16# is sampled for a memory cycle to determine the bus size. 


6—101 








(7) _ UM82C231 





It then enters AT-TC state and provides the command signal. For an I/O 
cycle, IO16* is sampled after the trailing edge of ALE till the end of the 
command. Typically, the wait state for an AT 8/16 bit transaction 15 5/3 
respectively. The command cycle is extended when CHRDY is detected 
inactive, ог is terminated when zero wait state request signal NOW? from 
AT bus is active. Upon expiration of the wait states, AT State Machine 
terminates itself and passes internal READY to CPU State Machine for 
outputting synchronous READY? to the 80286. 


6:33 Memory Control State Machine 


Address Decoding Logic activates Memory Control State Machine when 
local memory is to be accessed. Memory Control State Machine initiates 
memory interfacing signals by adapting the configuration strap pin MS(2:0) 
and information from Address Decoding Logic. The definitions of MS(2:0) 
are given in the following table. 





MS2 MS2 М50 Bank0 Bankl Total Memory 

0 0 0 256К - 512k 
0 0 1 256К 64К 640К 
0 1 0 206k 256k ЇМев 
0 1 1 1М - 2Meg 
1 1 1 ІМ ІМ 4Мев 
1 0 Х Not Valid 

1 1 0 Not Valid 


64 Bus Arbitration Logic, DMA/Master and Refresh Logic 


Тһе UM82C231 provides arbitration between the CPU, DRAM refresh logic 
and DMA/Master devices. It handles HRQ and RESHRQ by generating 
HOLD request to the CPU. CPU will respond to an active HOLD signal by 
asserting HLDA and placing most of its output and I/O pins in a high 
impedance state after completing its current bus cycle. After the CPU 
relinquishes the bus, the UM82C231 responds by issuing RFSH# or HLDAO 
depending on the requesting device. 
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Тһе arbitration between Refresh and DMA/Msster is based on FIFO or 
first come first serve. However, RFSHRQ will be internally latched and 
served immediately after DMA/Master finishes its request if RFSHRQ 16 
queued behind HRQ. HRQ has to remain active to be served if RFSHRQ 
comes first. | 


During a refresh cycle, refresh address is put out on ХАО-ХА9 and 
МА0-МА9 address lines, RFSH# and LDM# are asserted, SMRDf is active 2 
SYSCLK after RFSH# is active апа RASMI: 0) are asserted to refresh 
DRAMS accordingly. 


ОМА and Bus Master share the same request pin HRQ. After the UM82C231 
receives HRQ it asserts HOLD request to the CPU. Upon finishing the 
current cycle, the CPU relinquishes the bus by asserting HLDA. The 
UM82C231 issues HLDAO to the requesting device to start gaining control 
of the bus. During an active HLDAO period the only way to distinguish 
between DMA and Bus Master request is to monitor the DMA8£ and 
DMAI164 signals. DMA8#/DMA16# active indicates an 8-bit/l6bit DMA 
transfer, while both inactive means a Master cycle. 
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65 Numeric Processor Interface 


Incorporated in the UM82C231 is the circuitry to interface ап 80287 
Numeric Coprocessor to 80286. The circuitry handles the decoding required 
for selecting and resetting the Numeric Coprocessor, handling CPBUSY# 
and CPERR# signals from the 80287 to the CPU, and generating interrupt 
signals for error handling. 


While executing a task, the 80287 issues a CPBUSY# signal to the UM82C231 | 
and is passed to the CPU as BUSY. If during this busy period, a numeric 
coprocessor error CPERR# occurs it results in an internal latching of the 
BUSY output and assertion of IRQ13 for a NP exception request. Latched 
BUSY# stays active until cleared by an I/O write cycle to address ОЕОН ог 
ОЕІН. IRQ13 is cleared only when CPERR# from 80287. The 80287 is reset 
through the CPRST output, which can be activated by a system reset or by 
performing a write operation to I/O port OF1H. 
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The 80287 can operate either directly from the CPU clock or with a 3395 
duty cycle 1/3 the frequency of the CPU clock. The UM82C231 provides 
both clock, CLK2 and СРСТК, to the 80287. 


6.6 System Control Logic 


The UM82C231 activates bus swapping control signal SWAP to the 
UM82C232 to guide the data bus flow during AT bus accessing and high 
low data byte swapping is required. Other control signals ALE, ATMW3#, 
ATMW#, ATMR#, SMWR#, SMRD#, IOWR#, IORD# , CMD#, IOCMD# and 
RD# are provided for AT bus interfacing and controlling. 


6.7 DRAM & EPROM Control Logic 


The DRAM and EPROM control logic in the UM82C231 is responsible for 
the generation of the RAS#, CAS# and DWE# signals for DRAM accessed 
and ROMCS# for EPROM accesses. This sub-module also generates 
READY# to the CPU upon completion of the desired local memory 
operation. The appropriate number of wait states are inserted, as 
programmed by strap pins externally. 
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7. Electrical Characteristics (Vcc=4.75~5.25V, ТА-0С-70С) 

















71 DC Characteristics 
Parameters Symbol Min. Max. Units 
Input Low Voltage Vil - 0.8 V 
Input High Voltage Vih 20 V Е 
Output Low Voltage Vol o- 045 У 5 
Output High Voltage моћ 24у - V 5 
Input Current Ш - +-10 па 
Power Supply Current Icc - 100- ma 
Output High-Z Current Ioz - *-10 ua 
Standby Power Supply Current Iccsb - 1 та 
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Symbol Description MIN TYP MAX UNIT 





t1 RASactive from CLK2 | 8 14 19 ns 
t2 RAS inactive from CLK2 | 10 19 25 ns 
t3 Column address valid from CLK2 1 8 15 20 ns 
t4 Column address invalid from CLK2 f 9 18 24 ns 
t5 CAS active from CLK2 1 8 14 19 ns 
t6 CAS inactive from CLK2 | 10 19 25 ns 
t7 RDY active from CLK2 | 11 20 30 ns 
t8 RDY inactive from CLK2 | 13 22 32 ns 
t9 WE active from CLK2 | 8 15 20 ns 
t10 WE inactive from CLK2 f 9 16 21 ns 
tll ROMCS active from CLK2 | | 8 15 20 ns 
t12 ROMCS inactive from CLK2 | 9 16 2 ns 
t13 RAS active from ATMR 1 6 10 17 05 
14 RAS inactive from ATMR 1 7 12 19 ns 
t15 ROW address hold time from RAS | 1 CLK2 
t16 Column address hold time from АТМЕ 7 6 10 17 ns 
t17 Column address setup time from CAS | 05 1 CLK2 
t18 CASinactive from АТМЕ 1 6 . 10 17 ns 
——— —— H——— ——— Áo DL 
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Symbol Description MIN TYP MAX UNIT 
t19 ALE active delay from ATCLK | 0 4 8 ns 
t20 ALE inactive delay from ATCLK | | 0 4 8 ns 
121 COMMAND active delay from ATCLK | 0 4 8 ns 
t22 COMMAND inactive delay from ATCLK | 0 4 8 ns 
t23 М16 ѕеї-ир time to ATCLK 1 10 ns Р 
{24 М16 hold time to ATCLK 1 4 ns Е 
125 1016 set-up time to ATCLK | | 10 | ns Š 
t26 1016 hold timeto ATCLK | 8 ns 
t27 NOWS set-yp time to ATCLK 1 8 ns 
t28 NOWS hold time to ATCLK 7 10 ns 
t29 IOCHROY set-yp time to ATCLK 1 10 ns 
t30 IOCHROY hold timeto ATCLK 1 4 6 12 ns 
t31 CPURST active delay from CLK20 | 2 6 16 ns 
t32 CPURST inactive delay from CLK20 1 2 6 12 ns 
t33 SYSRST active delay from CLK20 | 2 6 16 ns 
t34 SYSRST inactive delay from CLK20 | 2 ns 
t35 READY input set up from CLK20 | 12 ns 
t36 READY input hold from CLK20 | 8 ns 
t37 HOLD active delay from ATCLK 1 2 4 8 05 
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Symbol Description MIN TYP MAX UNIT 
t38 HOLD inactive delay from ATCLK | 2 4 8 ns 
t39 RFSH delay from HLDAI 3 7 14 ns 
t40 RFSH inactive delsy from ATCLK t 2 4 8 ns 
t41 ATMR active delay from ATCLK 1 1 5 9 ns 
t42 ATMR inactive delay from ATCLK | 2 4 6 ns 
t43 HRQ set-yp time to ATCLK 1 10 ns 
t44 HRQ hold time to ATCLK 1 4 ns 
t45 HLDAO active delay from HLDAI 5 9 18 ns 
t46 HLDAO inactive delay from HLDAI 5 10 20 05 
t47 overlap of CPBUSY & CPERR 8 ns 
t48 CPBUSY active pulse 12 ns 
t49 ЇЕО13 active delay from CPBUSY, CPERR 7 12 16 ns 
(50 IRQ13 inactive delay from CPERR 3 7 11 п5 
{51 BUSY active delay from CPBUSY | 4 8 16 ns 
t52 BUSY inactive delay from CPBUSY f 4 8 16 ns 
t53. CPRST active delay from ATIOW | 2 5 10 ns 
154 CPRST inactive delay from ATIOW 1 2 5 10 ns 
55 REFRESH address valid from REF | 7 10 5 ns 
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Load Circuit Measurerrient Conditions 











Parameter Output Туре Symbol CL(pF) ЕКО) RL(Q) SW1  SW2 

Propagation Totem pole 

Delay 3-state Ва 50 ын 10K | OFF ОМ 

Time Bidirectional t, 

Propagation Opendrainor t,, 50 05K — ОМ OFF E 

Delay Time | Open Collector t „ 8 
T 

Disable 3state ` 27 5 05K 10K ОМ 5 

Time Bidirectional t, OFF ON с. 

ЕпаЫе 3-state b 50 s 10K | ON ON 

Time Bidirectional t OFF ON 





INPUT 


OUTPUT 
(ENABLE/DISABLE) _———- чи 





V ,=3V, У,-0У, trXlOns, (255 


Усс 
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1. General Description: 


The UM 82C232 is a data buffer. It is an interface between CPU data bus, 
system data bus and peripheral data bus. 


2. Features: 

* 16-bit data bus buffer 

* 16-bit or 8 bit data bus buffer for PC/AT bus 
* 8-р I/O port data bus buffer 

* Word swap logic 

* Advanced 124 mCMOS Techonoloy 


* 100 pin Flat Package 
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3. UM82C232 Block Diagram 
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4.UM82C232 Pin Configuration 
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УСС 78 
хо 77 
XD1 76 
XD2 75 
XD3 74 
XD4 73 
XD5 72 
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чая UM82C232 


MM Data Buffer 


TMR2G 
SWAP 
IOCMD' 
CMD* 
SPKD 
OUT2 
SYSRST 
INIA* 
RFSH* 
XIN 
XOUT 
GND 
OSC 
УСС 
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5, Functional Description 


51 Data Buffers and Latches 


Тһе UM82C232 provides the buffering between the CPU data bus and the 
АТ data bus. The D(15:0) has бта driving capability. The SD(15:0) can drive 
the AT data bus directly because of 24ma driving capability. The UM82C232 
also latches the read data from the SD bus during CPU AT cycles, This 
causes the bus conversion cycle and READ to command to terminate earlier 
than the CPU sampling data. 
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The latch enable signals for read data from SD(15:0) are controlled by the 
СМ“ and SW AP signals. 





The direction of the data buffers is determined by the RD*, LDM*, HLDA, 
ОМА8* and DMAI6* signals. Also, the D(15:0) are forced to become input 
when 80287 is accessed. 


52 Bus Swapping Circuit 


The UM82C232 supports data swapping when the 80286 reads from ог 
writes to 8-bit devices. It also supports the high byte and low byte transi- 
tion between SD bus during 8-bit DMA cycles. 


The following table describes the bus transitions: 





SWAP  LDM* CYCLES ` OPERATION 

0 1 CPU D(150).— SD(15:0) 
1 1 CPU D(158)— SD(7:0) 
x 0 16-bit DMA D(150).— SD(15:0) 

or MASTER 

0 0 8-bit DMA _ D(150)— SD(15:0) 
1 0 8-bit DMA D(15:8)——> SD(7:0) 
1 1 8-Ъ DMA D(158)— SD(7:0) 
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0.9 Parity Generation and Checking 


The UM82C232 generates an even parity bit for each two bytes during local 
DRAM write cycles. 


During a local DRAM read cycle, the UM82C232 latches the read data and 
performs parity checking. If a parity error is detected, parity checking 
function is enabled and if NMI is not being masked, NMI will be activated. 


5.4 Port B register 


The UM82C232 contains a register as Port B designed for the PC/AT аз 
shown in the following table. 





Bit R/W Description 

7 К Local DRAM parity error status 

6 R A'T bus channel check active status 
9 К Timer 2 out 

4 R Refresh toggle bit 

3 R/W Enable channel check function 

2 R/W Enable Local DRAM parity checking 
1 R/W Enable speaker 

0 R/W Timer 2 gate 
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55 NMI Generation 


The NMI generation can be turned on or off through writing IOP 70 with 
data bit 7 equal to 0 or 1. 


If NMI is not masked and parity checking and channel check function are 
enabled, a parity error or activated CHCK* will initiate NMI. 


56 DMA address latch 


By using ADSTB8 or ADSTBI6 to latch XD(7:0), the 8-bit DMA's ХА(15:8) or 
16-bit DMA's XA(16:9) are latched and driven by the 82C232. The XA14 and 
ХА15 have 24 ma driving capability. 
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5.7 Miscellaneous decode signals 
The UM82C232 provides two decode signals, 
* KBDCS* for keyboard controller 


* CPCS* for co-processor 
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6. Pins Description 








Pin Name Pin Туре Pin Хо. Description 











XIN I 26 14.3MHZ osc. input 
XOUT O 27 143МН2 osc. output 
OSC О 30 143818MHZ clock output 
OSC/12 O 3l 1.19MBZ clock output 
D(15:0) B 62, 64, 66, Local data bus to/from CPU 
68, 71, 73, 
75, 77, 63, 
65, 67, 69, 
72,74,76, 78 
SD(15:0) B 100,98, 96, АТ data bus; these pins have 24 ma 


93, 91, 88, current sinking capability which 
86,83, 99, attached to AT data bus directly. 





97, 94, 92, 
98,87, 84,82 

X D(7:0) B 10,9,8, 7,6, System board peripheral data bus. 
‚ 4, 

INTA* B 24 Interrupt acknowledge signal from 
82C23l; which is used to direct the 
interrupt vector data flow from 82C206 
to CPU 

МР(1:0) В 59,60 Local DRAM рагњу bits; they аге 
outputs for write cycle and become 
inputs during read cycle. 

LDM* I 56 Local memory accessed indication; used 
by 82C232 to control the data buffers 
enable. 

HPCK* I 55 High byte parity checking enable; used 


to determine if high byte parity 
checking 15 requited. 
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Pin Name Рш Type Pin No Description 





LPCK* I 54 Low byte parity checking enable; used 
to determine if Low byte parity 
checking is required. 





DMDL I 57 Local DRAM read data latch enable; 
used to latch the read data from DRAM 
for parity checking. 





RD* I 58 Read cycle status from 82C231; used to 
control the data flow direction. 





SWAP I 18 High byte data and low byte data 
control from 82C231; used to control the 
data flow direction. 





CMD* I 20 Read or write command during CPU AT 
cycle or MASTER cycle; used to enable 
the data latches inside the BUFFER. 





IOCMD* I 19 IO read or write command during CPU 
АТ cycle or MASTER cycle ; used with 
RD* signal to access the IO registers 











inside the 82C232. 

HLDA I 81 Hold acknowledge signal from CPU to 
distiquish the CPU cycle and non-CPU 
cycle. 

RFSH* I 25 Refresh cycle indication. 

————————— OPI = зе. 

ADSTB8 I 11 8-bit DMA transfer address strobe; used 
to latch the XD(7:0) and generate ХА(15: 
8) during 8-bit DMA cycle. 

ADSTBI6 I 12 16-bit DMA transfer address strobe; 


used to latch the XD(7: 0) and generate 
ХА(169) during 16-bit DMA cycle. 





ОМА“ І 32 8-bit DMA cycle indication; used to 
control the data flow directions. 





DMA16* І 33 16-bit DMA cycle indication; used to 
control the data flow directions. 
——————— OPEM MM MN d D NR NNNM 
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Pin Name Pin Type Pin №. Description 


ХА16 ТО 34 system board peripheral address bus bit 
16; this signal is enabled only during 
16-bit DMA cycle. 

X A(15:8) B 51,50,49 48, System board peripheral address bus bit 


47,46 45,44 15 - bit 8 normally they are inputs and 
become outputs during DMA cycle. 








ХА(70) [ 43,42,41 39, System board peripheral address bus bit 
38,37 36,35 7- bit 0. 
CHCK* І 15 Channel check signal from АТ bus; ап 
activated CHCK* monitored Бу 82C232, 
NMI will be issued. 
NMI О 16 Non-maskable interrupt to CPU; parity 


error for the data read from loacl 
DRAM ог CHCK* activated by the 
channel adaptors will force 82C232 issue 


NMI if is is programmed to do so. 
—Á—— ÁM— ИЕБИ ИЕНЕН 22 e Ebo оо QR SNR 





OUT2 I 22 Timer 2 output from 82C206; used to 
generate speaker data update IOP 61 
contents. 

Шо ел ЕК ЕТКЕНГЕ ЕН ККЕ ЕРЕН ЕН орат ee 

TMR2G О 17 Timer 2 gate control. 

а масалае ассы 

· SPKD О 21 opeaker data; to drive speaker. 
rcs PEL а гулгах ыы san сү гт 

KBDCS* O 14 Keyboard controller chip select; decode 
through X A bus. 

К т a 2 20202-0-228002 060 052222 зы 2-2 RR T 

SYSRST I 23 oystem reset from 82С221. 

CPCS" O 13 Co-processor chip select; decode through 
XA bus. 

х= a UN DM = te а ER 

УСС 2,29,52 79 

шэг шэг НЫН ЗНАЕ ee ee a a e 

GND 1,28,40 43, 

61,70 80,85, 

90 95 
Еш швеи ee Е 
Total pins 100 


=== 
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7. Electrical Characteristics (Vcc=4.75~5.25V, ТА=0 С-70'С) 








71 DC Characteristics 
Parameters Symbol Min. Max. Units 
Input Low Voltage Vil - 0.8 V 
Input High Voltage Vih 20 - V 
Output Low Voltage Vol - 0.45 V 
Output High Voltage Voh 24V - V 
Input Current lil - +- 10 џа 
Power Supply Current Icc - | 100- та 
Output High-Z Current Ioz - +- 10 џа 
standby Power Supply Current Iccsb - 1 та 
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72 АС Characteristics 
(Ta = 0 to 70 degree c, Усс - 5V +- 596) 


Symbol Parameter Min. Typ. Max. Unit Remark 

tl D(150) to 511150) valid delay 11 21 30 ns 150PF 

t2 D(150) to XD(7) valid delay 10 20 29 ns ТӘРЕ 

t3 D(159) to P(1:0) valid delay 13 22 3l ns 75PF 

t4 SD(150) to D(150) valid delay 9 18 28 ns ТБРЕ 

15 581150) to ХО( 70) valid delay 9 18 28 ns 75PF 

t6 50050) to P(1:0) valid delay 13 22 21 ns T5PF 

t7 ГХ15: 0) setup time related to 0 3 5 ns 75PF 
DMDL 

t8 D(15: 0) hold time related to 0 1 2 ns 75РЕ 
DMDL 

t9 5005: 0) setup time related to 0 4 5.5 ns 150PF 
CMD* 

t10 SD(15: 0) hold time related to 0 | 2 ns 150PF 
CMD* 

tll XD(7: 0) setup time related to 0 4 6 ns 75РЕ 
CMD* 

t12 XD(T. 0) hold time related to 0 1 9 ns 75РЕ 
CMD* 

t13 SD(7: 0) to 5005: 8) delay after 8 15 25 ns 150PF 
SWAP active 

(14 SD(7:0) to SD(15:8) invalid delay 3 9 18 ns 150PF 
after SWAP inactive 

t15 Pd: 0) setup time related to 1 3 5 ns ТБРЕ 
DMDL 
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Symbol Parameter Min. Typ. Max. Unit Remark 

t16 P(10) hold time related to DMDL 0 1 2 ns ТОРЕ 

117 CHCK* active to NMI active 3 10 18 ns 50РЕ 
дејау 

118 НРСК" ог LPCK* activeto NMI 8 15 23 ns БОРЕ 
active delay if parity error 

t19 ХА valid to DBDCS* valid delay 10 21 32 ns БОРЕ 

120 ХА valid to CPCS* valid delay 9 20 30 ns 50PF 

121 ADSTBS8 ог ADSTBI6 active to 10 18 28 ns ТОРЕ 
ХА valid during ОМА cycle 

t22 SD, XD buses tristated after 5 10 20 ns 75PF 
RD* invalid 

t23 SD, XD buses driven after RD* 6 11 15 ns ТБРЕ 
уапа 

124 D bus driven after КО“ valid 7 11 15 ns Т5РЕ 
LDM' invalid 

t25 D bus tri-stated after RD* invalid. 7 11 15 ns T5PF 

t26 SD(15:8) to SD(7:0) delay after 7 15 20 na 150PF 
SW AP active 

127 SD(15:8) to SD(7:0) invalid delay 3 9 18 ns 150PF 
after SWAP inactive 
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= UM82C232 


See = 5-5 Data Buffer 


015: 0) 
5015: 0] 
ХДТ: 0] 
РП: 0] 


5715: 0] 
015. 0) 
ХО: 0] 


РП: 0] 


DMDL 
DS: 0] 
P[1: 0] 


XA[15: 0) 
KBDCS* 


CPCS 








Fig1 0150] ТО SD[150] AND РОЈ DELAY 


4 

=— u а асы 
$$$ UU 

---- 15 — 


I Oe ee RC s 
ю-- 16 --> 


Fig2 [1150] ТО 50150] AND РОЈ DELAY 


I 
c — A го: 
ю- 11-ы 


<- tls ы 18 — 
| 16 t 
Fig.3 1150] AND P{10] SETUP AND HOLD TIME RELATED TO DMDL 
— 119 wa | 
mec c MEN LL uu — и 
I I 


ie э) 


до -- т о = 1 j Сэ a, NER xx 
Fig4 KBDCS* CPCS* DECODE DELAY 
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Fig. 10 BUS SWAP 
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| General Description 





The UMC's HEAT (High End AT) Chip Set UM82C380 is a highly integrated, flexible 
solution for high performance 80386 PC/AT compatible systems. Fabricated using 
advanced 1.24 CMOS VLSI technology, it provides high reliability, low power, low chip 
count features for system implementation. A commercial 25МН2/0 wait state. 12MByte 
main memory system with cache memory control and math-coprocessor features can- 
be easily built in a standard baby AT size mother board (12" x 8.6") with all necessary 
components included. 


il Features 


* Highly integrated 25 MHz/0 wait state 80386 PC/AT compatible 
e Supports UMC UM82152/INTEL 82385 Cache Controllers 

• Easy Page/Cache mode interchange on motherboard 

e 32-bit memory bus interface 

. Slow DRAM 100/120 ns at 25/20 MHz 0 wait state operation 

e Supports 1M/256K SIM module 

° On-board memory upto 12MBytes, extendable to 32MBytes using add-on card 

• Shadow RAM for system BIOS | 
e MHz I/O bus timing 

e Supports 80287/80387 /3167 Math-coprocessor 

e EMS 4.0 interface through software emulation 

e DOS/OS2/XENIX/UNIX operation 

e Commercially available BIOS (Phoenix/Award/AMI) applicable 
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Ш System Description 





The UM82C380 series consists of five chips, the UM82C381 System Controller, 
UM82C382 Address Buffer, UM82C383 Data Buffer, UM82C384 Memory Controller 
апа UM82C388/389 Cache Interface. Combined with UMC's UM82C206 Integrated 
Peripheral Controller, the chip set forms a highly integrated solution for 25MHz 80386 
PC/AT systems with Page/Cache Mode options. 


The UM82C380 series supports a local 32-bit CPU/MP bus, a 32-bit memory data 
bus, а 16-bit AT channel bus, an 8 bit ИО channel peripheral data bus and 8MHz system 
clock to provide the best compatibility with industry standards. 


The 0М82С381 is a System Controller. It provides all four bus control signals, 
synchronized reset for CPU and peripherals, refresh control, math-coprocessor (8028 7/ 
80387) interface, address decoding logic, CLK2, BCLK and timer clock generation. 


The UM82C382 is an Address Buffer. It provides address interface to processor 
address, system address, DMA address XA and latched XD bus. A 10-bit refresh 
counter is included for both 256K and 1M DRAM refresh. 


The UM82C383 is а Data Buffer. It provides bus interface for CPU local data bus, 


system data bus and peripheral data bus. Word-swap logic is also built in to facilitate 


the 80386 read or write 32-bit data through PC/AT 16-bit data bus. 


The UM82C384 is a Memory Controller. It provides control for 32-bit memory 
data bus, memory paging control for 256K апа 1M DRAM, RAS and CAS control for 
system memory. 


The UM82C388 is a Cache interface. It provides a simple DRAM controller to 
interface INTEL 82385 Cache controller with the system memory. 


The UM82C389 is another Cache Interface. It also provides a simple DRAM Con- 
troller to interface UM82152 Cache Controller with the System Memory, it has been 
highly integrated for easy application. 
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IV System Configurations 





Basically, three different 80386 PC/AT system configurations can be imple- 
mented using UM82C380 series HEAT chip set. These are Page Mode, UM82152 
Cache Control Mode, and INTEL 82385 Cache Control Mode. АШ three mode 
implementations will require the four common core logic devices of HEAT chip set; · 
UM82C381, UM82C382, UM82C383 and UM82C206. The UM82C384 will be needed 
for Page Mode , while UM82C389 and UM82C388 are needed for UM82152 and 82385 
Cache Control Modes. The block diagrams and the required IC list for each System con- 
figuration is illustrated in Figures 1,2, and з. | 


A software driver is required to initiate the UM82152 when the system is working in 
UM82152 Cache Control Mode. A PAL equation is needed to implement the HEAT chip 


set working in INTEL 82385 Cache Control Mode. Either or both of these tools can be 
requested from UMC's worldwide sales offices. 


.V Remarks 


Throughout HEAT documents,a "*" will be attached to specific pin name if it's active 
low, CLK2* for example. 
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Cache/Page 
Control 


74F657 
Page Interface s 32 BIT DRAM 
p эт 
2966 ADR 
PROC ADR © Buffer 
= 
UMB2C206 IRQ/DRQ/DACK, ETC ` 


Peripheral 
Controller E 
UM82C 382 System Address 


Address ___________- учет Data 


Buffer n 
PROC ADR 
8742 
Keyboard 
UM82C383 27256/ Control 


Data Buffer Data 27128 
ROM 


PROC Data 


по 80386 
ҚР СРЏ 80287 80387 


Figure 1. HEAT Chip Set System Diagram (Page Mode) 
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КеуБоага 


Required ІС List: 





80386 x1 | 80387 x’ 
UM82C206 x1 | 27256 х2 
UM82C381 X1 AM2966 x4 
UM82C382 x1 74F657 x4 


| UM82C383 x1 74Ғ04 х1 | 
UM82C384 x1 74С04 х 1 


8042 x1 | 7406 x1 | 
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Optional Cache Setup 


| UM82152 Stati | 

tatic RAM ADR 1 
! Cache a BAN 32 BIT Static RAM ! 
! Controller Н 
} | 
| PROC ADR Static RAM Data | 
pet чи савани cca wes ha cas ыша қаза шал ынасы ты тіне санағаны LAM RR MM аж аван ми нг ыса тыны ав ав ажлаа: ~, 

Cache/Page UM82C389 
Control Austek Cache 32 BIT DRAM 
Interface 
PROC ADR 





UM82C206 
Peripheral 
Controller 2 


System Address 


a 
ч 
© 
х 
UM82C381 UM82C382 
System Address а IMEEM System Data 
Controller Винег ТЕ 
РВОС АОН 
UM82C383 
Data Buffer Е 
БЭ? 
80386 
СРЏ 





8742 


27256/ Кеубоага 


Data 27128 Control Keyboard 
RO 





PROC Data 


80287 80387 


Figure 2. HEAT Chip Set System Diagram 
(Cache Mode with UM82152) 





Interface 


Required IC List: 








































 .. UM82C389 x1 . . AM2966 x4 _ 77458 х1 


Е 7408 x1 | 74Е74 хі 


*needed only when using 27256 








x 80386 xi | UM82152 x1 | 74F657 
0М82С206 xi 8Kx8-25 x4 | 74204 x1 

UM82C381 x1 8042 хі 74С04 xi 
UM82C382 x1 | 80387 x1 7406 | x1 

— UMB82C383 x1 | 27256 x2 | 74274 x1 
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74F657 
2966 


IRQ/DRQ/DACK, ETC 


32 BIT DRAM 


Page 
oniro 
0М82С388 2 


ІРС 0М82С206 
ontrol| Peripheral 
Controller 


UM82C381 ADR UM82C382 System Address 





prd 

System — [control Address 22:22:22 System Data 
Controller Buffer = 
хр = 
о 
Q 
8742 Е 
Data | UM82C383 ROM | 27256/ Keyboard = 

4----»|Кеуроагд 
ontrol| Data Buffer бата | 27128 Control ә 
НОМ Š. 
PROC Data 


80287 


50MHz 
OSC CPU 
Interface Buffer 5 
| CTR 
32-Bit | ADR 82385 
Static ВАМ L^DR| cache 
Controller 


Figure 3. HEAT Chip Set System Diagram 
(Cache Mode with INTEL 82385) 


80387 


80386 
CPU 







Required IC List 














ое в а а ты 

x 80386 x1 | 82385 х1 74Ғ04 x1 | 

(/М82С206 x1 | 4Кх4-25 x16 74С04 x1 | 

UM82C381 x1 8042 x1 7406 хі |. 
UM82C382 x1 27256 х2 74Е74 х1 
0М826383 x1 АМ2966 x4 74F646 x4 
UM82C388 x1 74F657 x4 74F573 х2 

_ 74F08 х! 74ЕЗ2 x1 18P8A x | 
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| General Description 





The UM82C381 is a system controller. It provides bus control signals to PC/AT 
and 32-bit memory expansion bus. It also provides synchronized reset for CPU and 
peripherals, refresh control, math-coprocessor (80287/80387/3167 ) interface, address 
decoding logic CLK2, CLK* and timer clock generation. 


П Features 





° CPU interface and bus control 

• PC/AT expansion bus interface 

* Clock generation 

° Numerical processor 80287/80387 interface 
* Peripheral chips interface | 

° Refresh and DMA logic 

° Reset and shut down logic 

* Advanced 1.24М CMOS technology 

° TTL compatible input 

• 120 pin flat package 
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Coprocessor interface Signals 


“НЕ 
NCPIN* 2 Š LNCP* 
тг 
са 
ај ш 


SEL387* 


PEREQ38 
ERROR38 
RES287 










Coprocessor 
8 Interface 
Logic 


MASTER" 
HLDA 


Bus 
Arbitration BHLDA* 
HLDA Logic SLOWH* 


CPU Interface Signals 


БИ КА БЕН Хэлсэн 


МАС 


M/IO*, D/C*, МА" 
IORC* 


SMRDC* 
MW | 


ВЕЗЕТОВУ 
IOCHRDY 


RESCPU 


SA[O, 1, 8, 9, 


| — 


PWRGOOD 
(МОР” 


BCK[O..3] 
DIRRD* 

ALE 

INTA” 
LOWEN’ 
XIORC* 
XIOWC 


ХАО, 3, 5, 6, 7] 
TIM2S* 
PPICS* 


RST* 
RC 


AT Bus Signals 
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Сіоск Signals 


gl: 
9 


CLK50M 
CLK32M 
CKM 
CLK 
CLK287 
CLK14.3 
TIMCLK 
DCLK* 


Сіоск Bus 


Clock Generator 


CLK8M 


DMA Interface Signals 


HLDADMA 
DMAMEMR" 
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ы. 
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ОМА PEQUEST 


DAEN1* 





REFRESH 
REQUEST 


REFRESH” 


REFEN* 


REFCK 


Refresh 
Control 


Logic 
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Figure 1. Block Diagram 
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IV Pin Configuration | 


МЕМС$16* 
MEMR* 
MEMW* 
XMEMW* 
IOFULSPD 
MASTER* 
ows* 
REFCK 
IOCHRDY 
Ов: 
IOW* 
IRQ13 
DMAMEMR* 
CKM 
N.C 
RESETDRV 
CLK8M 
PWRGOOD 
AEN2* 
AEN1* 
VOD 


lOCS16* 
DIRRD* 
GND 
GND 
BCLK 


* 

= 
а 
о 
2 


LNCP* 
DREQ 












90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 

















GND GND 
HOLD — BCKO 
SEL387 — - ВОК! 
CLK14.3M — 94 57 -_ ВСК2 
РЕВЕО = 95 56 вскз 
РЕНЕО287 96 55 ВЕМО” 
PEREQ387 97 54 BEN1* 
ERROR287* 98 53 BEN2* 
ERROR387* 99 52 BEN3* 
READY* 100 51 смо 
РАЗ1 101 50 CLK* 
CLK287 102 49 HAKDMA 
RES287 103 да MHLDA 
RESCPU 47 RDETEC 
нт UM82C381 s 
мло" 45 SMEMR* 
рис“ S t C t | 44 | SMEMW' 
ADS: ys em on ГО er 43 |— 018245 
CLK32M 42 |— GATE245 
GND 41 L—— PPICS* 
CLK50M 40 DROY 
BUSY' 39 ОМАСМО* 
BUSY287* E TES 
BUSY387' 27 ан 
ке 36 SAS 
BEP 35 ЗАВ 
зай 34 ЗА! 
SEU 33 SAO 
pus 32 SBHE* 
31 L— GND 
3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 | 
Te IIT. 1 pc- 
ГІТІТІТТІТІТТІТІТІТТІТІТІТТТТІ 
отъ шах (Ххи.боа«хта Е ох 292910 
BLEEP ELE es ЕЕ 
20 m (Oo спа EE 
сс 


Figure 2. Pin Configuration 
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VI Functional Description 


The function of UM82C381 can be divided into six sub-modules (see block 
diagram of Figure 1) | 


e Clock generator 

e Bus control logic 

• DMAinterface logic 

e Refresh logic 

• Bus arbitration logic 

e Numerical processor interface logic 
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6.1 Clock Generator 


The clock generator may operate in both synchronous and asynchronous 
modes. It has two clock inputs - CK50M and CK32M, both of which are driven from a 
TTL crystal oscillator. 

(1) When IOFULSPD is high, it operates in synchronous mode 


CLK2 - CK50M 
CLK* = CK50M/2 
BLCK - CK50M/4 


(2) When IOFULSPD is low, it operates in asynchronous mode 


a. During CPU local memory cycle 


CLK2 - CK50M 
CLK* = CK50M/2 
BCLK = CK50M/4 


b. During CPU AT BUS cycle ог ОМА cycle 


CLK2 - CK32M 
CLK* = СКЗ2М/2 
BCLK - СКЗ2М/4 
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If the target of system clock is 16MHz, IOFULSPD can be pulled high and CK50M 
is driven by 32MHz clock. In this case, CK32M does not matter for any operation. If the 
target of system clock is more than 16 MHz, IOFULSPD must be pulled low, CK50M is 
driven by double frequency of system clock and СКЗ2М is driven by 32MHz clock in 
order to provide 8 MHz AT bus timing during non-local bus operation. 


6.2 Bus Control Logic 
a. Reset operation 


The 0М82С381 provides two reset inputs, PWRGOOD апа RC. PWRGOOD is 
the power good signal from the power supply. When PWRGOOD is inactive (low), 
_ UM82C381 asserts RESCPU and RESETDRV for a system reset. RC is generated from 
the keyboard controller when a “warm reset” is required. The warm reset activates 
RESCPU to reset the 80386 CPU. RESCPU is also activated by the UM82C381 after 
a shutdown condition is detected, and held high for at least 16 CLK2 cycles and then 
deasserted. RESCPU is synchronous with CLK2, ensuring proper CPU operation. 
ВЕЗСР” is used to disable RTC during CPU reset period. 


b. Bus status definitions 


During CPU memory cycle (ADS* low and M/IO* high ), if M32" is sampled low, 
it means current cycle is CPU local memory cycle, otherwise, it is an AT bus cycle. 


The bus control logic gains control when M32* is detected high ог M/IO* is low 
under ADS* active. It will perform the necessary synchronization of control and status 
signals between the AT bus and the processor. The UM82C381 supports 8 and 16 bit 
transfers between the processor and 8 or 16 bit memory or 1/О devices located on the 
AT bus. 


The data conversion definitions between CPU status signals and AT 8- and 16- 
bit bus are shown in Table 1. 
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1016*/ 
М16° BE3* BE2* ВЕ!" ВЕС SAI SAO ВНЕ Сусе Type 


K... 














1 | | О 1 | Low byte on 8 or 16 bit bus 
L3. Я о | 1 | 0 1 0: High byte оп 8 bit bus 
ARSEN 
(x | 1 ро | "1 | + 1 0 1 | lowbyteon8or16bitbus | 
[31 | 09 |а | 1 | а Ту | 1 (о | Highbteongbtbs | 
о | о | 31 | 1 | + |1 | 1 10 | Highbyteon16bitbus — — — 
011411 0 | 0 0 о |о | Wordon 16 bit bus 
1 | 1 1 | 0 10 0 | O 10 Word on 8 bit bus 
ЗА ЗА БИК ЗА ИЕ И MM 
1 0 MES б. | 1 ^'  2bytes split on 16 bit Бие 8 
224 1 оо т о 1 (0 | 2руіев split оп 8 bit bus с 
| | Е Е ШЕ НЕ 2 
zeae боб СЕЕ ae: Word on 16 bit bus а. 
1 ы 0 4^ x Hg s X 0 Word on 8 bit bus 
| 1 1 0 | 
машы 
1 1 
1 1 0 0 | EE 0 | 0 | 3bytes оп 8 bit bus 
| | | | 0 | 1 | 0 | 
0 0 0 j 0 | 11011 x 0 | 3bytes on 16 bit bus 
| ЖК ККЕ | 
1 01501011 ` O 1 0. 3bytes on 8 bit bus 
| | | . | 
| | | 1 0 0 
| = 1 0 
ПА БЕБА КИКИ БН ЕЕ 
pd о | 0 
1 0 отоо: 0 | о O | 4 bytes on 8 bit bus 
| L9. 6 |0. 
1 | 0 | 0 | 
1 | í! 0 | 








Notes: 1. 1/O16*" signal during 1/О cycle 
г. М16“ signal during memory cycle 
3. X means that the value of this signal doesn't matter for that cycle 


Table 1. Data conversion definitions 
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c.Bus timing 


Тһе 0М82С381 provides control signals to emulate the 8MHz AT bus signals. 
The number of AT bus cycles for CPU operation is shown in Table 2. For slow ШО 
devices, IOCHRDY is used to extend command cycle. 


Number of Cycles Required 











Operation Bus Size 0 W.S. Normal W.S. 
memory read | 1661 | | ИШЕ. ЖОШ 6 | 
memory read | 8 bit E 6 | 12 | 
memory write | 16 bit | 4 | 6 
memory write 8 bit | 6 12 

6 6 

8 bit 6 12 

16 bit 6 6 
/О write 8 bit 6 12 


Note: А normal wait state occurs if the device being accessed does not specify the number of 
wait states that should be generated by the system. 


Table 2. Number of AT Bus Cycles 
6.3 DMA Interface Logic 
Essentially, DMA operation is controlled by UM82C206. During DMA cycle, 
UM82C381 provides interface among UM82C206, local bus and AT bus. It provides 
command signals to AT bus and generates bus cycle status signal to local bus for mem- 
ory operation. The ОМА operation is memory to ИО only and its bus size can be 8 or 
16 bits. 


The bus cycle status definitions for the non-CPU cycle are shown in Table 3: 
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BHDLA МЛО D/C W/R Cycle Time 
|o, 0 | 0 | о | inwvaidcydetime _______ 
1 0 | 1 Моп-СРИ refresh read 
1 0 1| 0 | Non-CPU memory write 
1 | O 1 
0 | 0 
1 1 


Non-CPU cycle (* 
1 1 1 | 1 | Non-CPU, по cycle in progress 


| 31 | 1 | 0 | 1 | NmCPUrereshcyde | 
— нөр ТЕКТЕ 


* This cycle can occur during the transition to and from memory write cycles. 


Table 3. Non-CPU cycle status definitions 
6.4 Refresh Logic 


The refresh control logic is triggered by REFCK, witch generates the refresh 
control signals to the AT bus cycle. МЕМН“ is asserted low during a refresh cycle and 
the refresh address А0-А9 is provided by UM82C382 when REFEN* is active. It also 
provides the bus cycle status to the local bus for memory refresh operation. 

Its definitions during the refresh cycle are shown in Table 3. 


6.5 Bus Arbitration Logic 
The UM82C381 controls all bus activity and provides arbitration between the 


CPU, ОМА, DRAM refresh and Master device and SLOWH*. 51 ОМУН" comes from 
UM82C382 and is used to control the system speed. The UM82C381 generates HOLD 


request to the CPU and arbitrates those requests in a non-preemptive manner. The 


CPU relinquishes the bus by issuing HLDA. During arefresh cycle, the refresh logic has 
control of the bus until REFRESH" goes inactive. During a DMA cycle, the DMA 
controller has control of the bus until DREQ (HRQ of UM82C206) goes inactive. 
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6.6 Numerical Processor Interface Logic 


The UM82C381 provides signals to interface between CPU and coprocessor. 
The coprocessor can be either UM80287 or UM80387. If NCPIN" is low, it means that 
УМ80287 or ОМ80387 is installed; otherwise, no coprocessor is present. 


Since 80386 samples its ERROR” input during initialization to determine the type 
of coprocessor present, SEL387" is low after RESCPU goes low and before execution 
of the first instruction, this pin can be used to seperate 80387 or 80287 present. 


If 80387 is present, 82C381 handles BUSY387*, PEREQ387* and ERROR387* 
signals from the 80387 to the CPU and generates IRQ13 for error handling. During 
executing a task, 80387 issues а BUSY387" signal to the 82C381. Under normal 
_ operation, itis passedouttothe CPU as BUSY". If during this busy period, a coprocessor 
error occurs, ERROR387" input to the 82C381 becomes active resulting in latching of 
the ВОЗУ“ output and assertion of IRQ13. ВОЗУ“ stays active until cleared by I/O write 
cycle to address OFO(H). 


If 80287 is present, 82C381 provides the decoding required for selecting and 
resetting the 80287, handling BUSY287*, PEREQ287 and ERROR287"* signals from 
the 80287 to the CPU and generates IRQ13 for error handling. The 80287 chip select 
LNCP* is active for ИО address OF8(H)-OFF(H) апа РАЗІ is high. During execution 
of a task, 80287 issues а BUSY287"' signal о the 82C381. Under normal operation , it 
is passed out to the CPU as BUSY". If during this busy period, a coprocessor error 
occurs, ERROR287* input to the 82C381 becomes active, resulting in latching of the 
BUSY" output and assertion of IRQ13. BUSY” stays active until cleared by ИО write 
cycle to address OFO(H) or ОЕТ(Н). | 


The clock signal to 80287 is also provided by 82C381. If CKM is low, CLK287 
is a 16 MHz clock signal with 5096 duty cycle and 80287 is running at 5.4MHz. If CKM 
is high, CLK287 is a 10.67MHz clock signal with 3396 duty cycle and 80287 is running 


_ 8t 10.67 MHz. 
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| General Description 


The UM82C382 Address Buffer is in UMC's 82C380 series High End AT (HEAT) 
Chip Set. It provides address interface to processor address, system address, DMA 
address XA and Latched Bus. A 10-bit refresh counter is built in for both 256К and 1M 
DRAM refresh. Two address decoders are included for ROM space and on-board І/О 
port. 


ll Features 


e 24 bit address line buffer 

e Supports 256Kx1 and 1Mx1 DRAM refresh 
• Advanced 1.24 CMOS Technology 

• 120 pin flat package 
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== 
ЗАО-5А19 
РА2- | LA17-LA23 
PAS! 221 
Buffer 
Buffer МБЕ" 
ком" 
ROM ROMEO* 
Latch | Control ROMFO* 
LOWEN’ 
Buffer | ROMEN* 
кетеш BALE 
ALE 5 3 МЕМВ* 
НЕБА M32* 
A20GATE 4 -->- | 
XD7-XDO 4 ТЭ 
ХА16 
| Buffer Buffer ХАО-ХАВ 
АОЗТВ8* 
ADSTB16* 
DAEN1* 
DAEN?* 
— AM 
REFEN* TERN: Refresh 
Counter | NMICS* 
RST" | | RTCAS 
PBRD* 
PBWR* 
eS 
INTA* 5 шуун CIORD* 
PPICS* KEYCS* 
RESCP* | 


ХОР ____-| Timer 
REFRESH | (| 


DCLK 
SLOWD* 


Figure 1. UM82C382 Block Diagram 
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IV Pin Configuration 





GND 
ADSTB16* 
ADSTB8* 
A20GATE 
хро 
XD1 
XD2 
XD3 
XD4 
XD5 
XD6 
XD7 
GND 
PA2 

PA3 

PA4 

PAS 

РА6 

РА? 

РАВ 

РА9 
РА10 
РА11 
РА12 
РА13 
РА14 
РА15 
РА16 
РА17 
GND 


91 
92 
93 
94 
95 


97 


100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 


т 
ч э . 0). 
tz 303 : 

< — N х = ша » e 

22 - 4 4 шсо, юс; 
обим ада воон  62:8255е-оөсх0 
- - -— = — ный 
Саад ЕЕ ОЕ БЕЧ 55555 


90 89 88 87 86 85 84 83 82 81 80 7978 77 76 75 74 73 72 71 70 69 6867 66 65 64 63 62 61 


Address Buffer 
1234 56 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 2223 24 25 26 27 28 2930 
| ф • © tn Үл 
Peeper 
> c Q o: ааа а 


Figure 2. Pin Configuration 
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XA8 


PBWR* 
НОМЕО" 
НОМЕО" 
амо 
PPICS* 
SAO 
SA1 
SA2 
ЗАЗ 
5А4 
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5А7 

GND 
SA8 

SA9 

SA10 
SA11 
SA12 
SA13 
SA14 
SA15 
SA16 
GND 
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VI Functional Description 





The UM82C382 is an address interface between processor bus, system bus and 
peripheral bus (X-bus). 


During the CPU cycle, address PA2-PA19 from CPU bus will be linked to system 
bus and X-bus, while PA17-PA23 will be linked to LA17-LA23 of the system bus. If the 
. ROM address space is selected during this period, the ROM control unit will generate 

the signalsto access the ROM address, the decoder will also generate signalsto access . 
/О port data. 


During the DMA cycle, address LA17-LA23 from the system bus will be linked to 
PA17-PA23 of CPU bus, and SA2-SA19 will be linked to PA2-PA19. During this cycle, 
system address is generated from ОМА controller or refresh counter. When ВЕЕЕМ“ 
is active, the refresh counter will issue refresh address to the system bus. The refresh 
counter will be incremented by one automatically after the refresh cycle. 


The DMA controller will dominate the system bus during the DMA cycle, both 8- 
bit and 16-bit data transfer types can be generated as DMA transfer. For 8-bit data 
transfer, with the negative transition of ADSTB8*, XAO-XA7 will be linked to SAO-SA7, 
XD7-XDO will be linked to SA15-SA8, while the contents of SA15-SA8 will be latched in 
the latch buffer. For 16-bit datatransfer, with the negativetransition of ADSTB16*, ХАВ- 
ХАО will be linked to SA8-SAO, XD7-XDO will be linked to 5А16-5А9, while the contents 
of 5А16-5А9 will be latched in the latch buffer. 


A timer is also designed in UM82C382 to provide the necessary clock timing to 
be compatible with standard PC/AT 8-MHz bus. The user is able to slow down the 
system speed by enabling SLOWD'* to keep the system timing compatible 
with PC/AT. 
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| General Description 


The UM82C383 Data Buffer is one of UMC’s High End AT (HEAT) Chip Set, It 
is an interface between 32-bit processor data bus, 16-bit system data bus and 8-bit 
peripheral data bus. 


il Features 


e 32-bit data bus buffer 

. 16-bit or 8-bit data-bus buffer for PC/AT bus 
‚  8-bit I/O port data bus buffer 

° Word swap logic 

* Advanced 1.24. CMOS Technology 

e 120 Pin Flat Package 
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$00-$015 


GATE245 
DIR245 


PDO- Latch 8 Word 
PD31 Buffer Wrap 
SDOE* 

ВСКО-ВСКЗ 

DIRRD* 

BENO-BEN3 


ОМА“ ) 
CIORD* 
abs )————* 


ROMEN* 


Buffer Buffer -» XD7-XDO 





HIT1M* 

ЮСНК" ——IT— 
PARITY* NMI PORT B TGATE2 
NMICS* Logic Register 


РВУУВ” 
РВКО" 
RST' SPKR 


RDETEC 
OUT2 


Figure 1. UM82C383 Block Diagram 
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GND 91 60 GND 
BENO* 92 59 SD15 
BEN1* 93 58 SD14 
BEN2* 94 57 5013 5 
BEN3* 95 56 SD12 a 
GATE245 96 55 5011 = 
DIR245 97 54 SD10 `ç 
HITIM* 98 53 SD9 2 
IOCHK" 99 52 508 Š 
PARITY* 100 51 VDD 
PBWR* 101 50 GND 
PBRD* 102 49 807 
RST* 103 48 SD6 
REDTEC 104 47 SD5 
cure —| we UM82C383 Говь 
VDD 106 45 503 
215 Баға ВиНег м | 
NMICS* | 108 43 SD1 
мм! 109 42. = 800 
TGATE2 110 41 vDD 
GND 111 40 GND 
XD7 112 39 PD31 
XD6 113 38 PD30 
XD5 114 2 по 
ХО4 115 m Ни 
хоз 116 35 РО27 
хог 117 34 PD26 
nd 22 33 РО25 
2 13 32 РО24 
смо 120 ке дан 


12345678 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 2930 


Tiree ^ 





PO10 
PD11 
амо 
GND 
PD12 
PD13 
PD14 
PD15 
PD16 — 
PD17 
PD18 
PD19 


1 

со о RaW RQ 

а. = zooooo 
о заса а> 


||| 

or Мо ч ж 
Qóoooon 
> аабпааов 


Figure 2. Pin Configuration 
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VI Functional Description 





The UM82C383 Data Buffer contains а 32-bit 80386 data bus buffer, 16-bit PC/ 
AT slot data buffer, 8-bit ИО port data bus buffer, and one internal port 61H. A word-swap 
logic circuit is also built to facilitate 80386 read or write 32-bit data through PC/AT 16- 
bit data bus. 


During the CPU read cycle, the system bus data can be latched by controlling the 
| signals BCK0-BCK3 and SDOE*. During the CPU write cycle, the processor data can 
be written to the system bus through data buffer by controlling the signals DIRRD* 
_,BENO*-BEN3*. The GATE245 and DIR245 should be asserted to initiate the word wrap 
circuit to transfer 32-bit data into 8-bit data. 


During the DMA cycle, the data transfer between processor bus and system bus 
is controlled by asserted ОННО", ВЕМО”-ВЕМЗ" signals. When the DIRRD* is low, the 
system bus will be transferred to processor bus. When the DIRRD* is high, the 
processor bus will be transferred to system bus. The signals GATE245, DIR245 should 
be asserted to initiate the word wrap circuit if the data transfer is 8-bit only. 


UM82C383 also generates NMI signals, which can be enabled by Port B Bit 7. 
Whenever ОСНК“ or PARITY* is low, an NMI error signal will be generated, and can 
be checked by reading Port B, Bit 6. When a positive transition occurs in HITIM*, NMI 
will be forced High, which can be checked by reading Port B,Bit 7. 
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The register descriptions are illustrated as follows: 





WRITE PORT B: 
BIT 7 : Not defined 
BIT 6 : Not defined 
BIT 5 : Not defined v 
BIT 4 : Not defined Š 
BIT3 --1 : Clear hit timer register Е 
ВТ? --1 : Clear parity check error 2 
BIT1 -->1 : Enable speaker output E 
BIT 0 : Trigger 8254 timer 2 

READ PORT B: 
BIT 7 : Hit timer register status 
BIT 6 : Рату check status 
BIT 5 : 8254 timer 2 output 
BIT 4 · Read RDETEC input to check if refresh counter is active 
BIT 3 · Read back written data 
BIT 2 · Read back written data 
BIT 1 : Read back written data 
BIT 0 : Read back written data 
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| General Description 





The UM82C384 is one of UMC's High End AT (HEAT) Chip Set. It provides 
memory control functions which facilitate wide ranges of DRAM and CPU speed 
selections for 80386 AT system design. 


|| Features 








e Supports 16MHz, 20MHz and 25MHz Intel 80386 

° Supports DRAM speed range from 60ns up to 120ns 

e Supports 256K and 1M DRAM 

* Supports up to 12M Bytes on board memory 

* Using page mode DRAM to reduce wait states for same page memory 
access (hit) 

e Relocates BIOS to high speed DRAM for very fast BIOS function calls 

* 1.2. CMOS technology 
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РАЗ1,23. 11 





Address Latch 





Comparator 






SIMM1M 


РА11..2 
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CAS11..0° 
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Decoder > RASS..0* 









DMA and Refresh 
Control 
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Register 
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Control 


Figure 1. UM82C384 Block Diagram 
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смо 91 60 смо 
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SIMM1M 93 58 CAS7* 
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ADS* 97 54 CAS11* 
D/C* 98 | 53 GND 
MIO* 99 52 MDO 
WIR 100 51 | мо 
МНЕОА 101 50 MD2 
CLK2 102 49 MD3 
GND 103 ia ЧЕН 
226 ОМ82С384 лт — мов 
РАЗ 105 и ice 
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Pas — 107 Memory Controller «ос 
PAG 108 | 2 
РА7 109 - NC 
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Figure 2. Pin Configuration 
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VI Functional Description 





(a) Memory Mapping: 


The memory mapping of UMC 386PC/AT chip set is shown in Figures 3 and 4. 
The 640 KB of base memory can execute existing MS-DOS applications developed for 
80286-based product. On top of the base memory is 128KB video RAM, 64KB LIM 
pages and 128KB system BIOS. The extended memory can be 1M, 2M, 3M, 7M, and 
11M bytes. The size ofthe memory is determined by SIMM1M, ЕХТВА1, and ЕХТВА2 
as listed in table 2. 


ИЕСІЗ ЕХТНА1 ЕХТНА2 System Memory DRAM Type 
| 0 0 1M 


| гоо. 
0 1 | 0 | 2М | 256К 


0 | 0*1 | ad | 3M x 
| ee = Е | | 
1 x 0 0 4M | 
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1 1 0 8M 1M 
1 1 1 12М 


0 0 1 "Неда! 














Table 2 
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RAM Di i 
8ХСОХХХХ iagnostic 8 






Relocation 
Register 
FFFFFF 
Bank 1 FAO000 Relocated 384K 
2FFFFF 
Bank 3 200000 1M 
1FFFFF 
Bank 2 100000 1M 
OFFFFF " 
128KB Video 
НАМ & 64КВ 
LIM Pages 
O9FFFF 
000000 DOS Base Memory 640K 


Figure 3. Memory Mapping when using 256K DRAM. МЗ2* is active in all 
regions except in regions marked "not used" and video RAM and LIM pages. 
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3M 


128K 


640K 


UM82C384 


Figure 4. Memory Mapping when using 1M DRAM. M3?" is active in all 
regions except in regions marked “not used” and video RAM and LIM pages. 
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(b) ROM Mapping: 


| Of the 384KB of memory addressed on top of the 16MB address space, the last 

128KB has a special addressing feature. This 128-KB block, starting at address 
ҒЕ0000, can be relocated (mapped) via special hardware map registers to the system 
BIOS (0E0000 - OFFFFF). When mapped, the 128-KB RAM block normally located at 
ҒЕ0000 can be addressed at either ҒЕ0000 or 0Е0000. The ROM devices are not 
accessible while the RAM is mapped to the address space normally occupied by the ` 
ROMs. 


In addition to this relocation capability, the 128KB block of RAM beginning at 
address FE0000 can be write-protected by special hardware registers on the system 
memory board. The relocation and write-protection capabilities allow the system ROM 
to be replaced by high-speed RAM having the same contents (Shadow RAM). 


(c) Memory Mapped Registers: 
UM82C384 has two memory-mapped registers: one is used in RAM 
relocation, the other is for RAM diagnostics 
RAM relocation: 


Тһе address and contents of the special memory-mapped hardware register 
used in the RAM relocation is shown in the following bit map. This register is a write- 
only register: 


RAM Relocation --> Memory-Mapped Address 80C00000 (write only) 


Bit 
7 6 54 32 10 
= 0 = Relocate 128-KB block at ҒЕ0000 to address 0Е0000. 
1 = 128-KB is addressed only at ҒЕ0000. 
0 = Write-protect RAM at ҒЕ0000. 
1 = Do not write-protect the 128-KB RAM at ҒЕ0000. 





Don't Care. 
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RAM Diagnostics: 


The RAM diagnostics register helps test the memory subsystems. This register 
allows a diagnostics program to read the state of memory configuration jumpers on the 
system memory board. The register also contains the status of the parity bits for each 
ofthe four bytes of a 32-bit memory access. RAMs can be tested very quickly, because 
they are performed by reading and writing 32-bit data patterns. When a parity error is 
detected, a diagnostics program uses the RAM diagnostics register to determine which 
byte in the 32-bit double-word caused the error. The address and contents of the 
memory-mapped diagnostics register are shown in the following bit map. This register 
is a read-only register. Writing to this register affects the contents of the RAM relocation 
register since they share the same memory location. 
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RAM Relocation --> Memory-Mapped Address 80С00000 (write only) 


0 = Parity error in byte 0. 
0 = Parity error in byte 1. 


0 - Parity error in byte 2. 

0 - Parity error in byte 3. 

Always 1. 

1- Memory 3rd bank is installed. 
1 = Memory 3nd bank is installed. 


Always 1. 
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(d) Bus Cycle Status Definitions 


Table З gives the bus cycle status definition for the MHLDA, M/IO* D/C*, and 
W/R™ signals: 


MHLDA МЛО" D/C* W/R* Cycle Type | 





CPU Interrupt Acknowledge 





Invalid Cycle Type 
CPU ИО Read 
| CPU I/O Write 

















| CPU Memory Instruction Prefetch Read 


| CPU Най or Shutdown 








| CPU Memory Data Read 





CPU Memory Data Write 





Invalid Cycle type 











| DRAM Refresh - 3 (see поје) 
ОМА Memory Write 











DMA Memory Read 





Invalid Cycle Type 





DRAM Refresh - 2 (see note) 








Non-CPU Cycle - Transition State 











1 x 1 x + 1 ОВАМ Refresh - 1 (see note) 








Note: DRAM Refresh Cycles follow the following sequence: 
1292232 2-29 1 


Table 3 
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(e) RAS, CAS signals and DRAM Module 


-In order to reduce loading for RAS and CAS signals, six RAS signals and twelve. 
CAS signals are generated to drive three banks of DRAMs. The following tables 
illustrate the connection of RAS and CAS signals to different banks of DRAMs. 











Bank 1 RASO*, RAS1*, СА50"- CAS3* ` ° 
Bank 2 RAS2*, RAS3*, CAS4' - СА57' 5 
Ls 
Bank 3 RAS4*, RAS5', CAS8* - CAS11' 
22231 24 23 16 15 8 7 0 
Вапк 1 CAS3* CAS2* CAS1* CASO" 
Bank 2 CAS7* CAS6* СА55' CAS4* 
Bank 3 CAS11* CAS10* СА5У  САЯ8 
Bank 1 RAS1* С RASO' 
Bank 2 RAS3* | RAS2* 
Bank 3 RAS5* RAS4* 
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(f) ОНАМ Address corresponding to CPU Address 





УМС _ Memory Controller 





The following table illustrates the DRAM address corresponding to the CPU 
address when using 256K or 1M DRAM. | 


| 256К DRAM 1М ОВАМ 
DRAM Address Column Row Column | Row 












„ова pate | рю | рде 


БЕН! pas № | Раз 


PA2 

PA3 

РА5 РА15 
A7 









- DRA3 | 
-DRA4 pae PA 


.- DRAG | PA18 РАВ РА18 
- ОВА7 РА19 РАО РА19 


DRAS PA10 PA11 PA10 PA20 


Note: DRAO - DRA7 are in opposite phase with the real CPU address. 
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| General Description 





The UM82C388 is one of the UMC High End AT (HEAT) Chip Set. It provides 
memory control functions which facilitate wide ranges of DRAM and CPU speed 
selections for UM80386 AT system design.A summary of DRAM and CPU speed 
options is listed in Table 1 for quick reference. 


ll Features 


e Supports 16MHz, 20MHz and 25MHz Intel 80386 

e Supports 25MHz 80386 with 82385 cache controller 
• Supports DRAM speed range from 60п5 to 120п5 

• Supports 256K and 1M DRAMs 

e 1.21 CMOS technology 

• 120 рп flat package 
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| SIMMIM|SW2 | SW3| DRAM Type шиг WH RH WM RM 













3 3 3 3 
60п5, 256K 25 1 0 2 2 
80ns, 256K 20 
| 100п5, 256К (2)| 16 
AN 100ns, 256K 20 1 1 2 2 
120ns, 256K 16 
X 1 1 180пв, 256K (3) 0 0 2 3 
80ns, 1M 
| 100ns, 1M 
120ns, 1M 
1 1 0 | 60ns,1M 25 0 0 2 2 


805, 1M 20 


Table 1. DRAM and CPU speed options 


Notes: 1. For switch position = 0 0 1, CAS precharge time is 30ns at 16MHz. 

Most 100ns, 256K DRAMs need 40ns CAS precharge time. At least, Hitachi, ММВ, 
Micron will meet this spec. 

2. For switch position = x 1 1 (x=don't care), CAS pulse width is 20ns at 25МН2. 
Almost all the 80ns, 1M DRAMs meet this spec. But for 80ns, 256K DRAM, only 
the one with fast page mode can meet this spec. At least Hitachi and NMB have 
80ns, 256K fast page mode ОКАМв. | 

3. WH = Write Hit, RH = Read Hit, WM = Write Miss, ВМ = Read Miss 


6—166 








0М82С388 
мс Intel Cache Interface 





ІШ Block Diagram 


_ д ован 
сс 









Internal 
Control 
РАЗ1,23..17 
мз2 
ЕХТВА1 
Address 
RXTRA2 Decoder 
SIMM1M 






Memory Page 
State Machine 


Address Latch 


C -= | 
cp 
BEN Comparator 


ОВА9..0 


ВЕЗ. 0“ 
CAS11..0" 


PARWR*, RD" они” 
Address СЛЕ 
Оесодег RASS..0" 
ОМА and Refresh 
. Control 








PARWR*, RD \ 
PERRO..0* Parity Latch ЖИЕ 


Register 


MD7..0 





Internal 
Control 


Figure 1. UM82C388 Block Diagram 
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IV Pin Configuration 





^an хе INS fs CONI gy Мз М x t yt tu 

“ а а а. — 9 44. о — От СМ о 791 
ос) 00 є(й« фас25-00,0009090990000000606 
со шш шазшшш!шиошсо2г2 < < < < < < < < < < < < < O 
»50m]mumotmuonazcimoconnonnasucoozmamcmocmccooooogo» 


90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 


GND 91 60 GND 
CLK* 92 59 CAS6' 
SIMM1M 93 58 CAS7* 
ЕХТВА1 94 57 СА58" 
ЕХТНА2 95 56 СА59' 
А2ОСАТЕ 96 55 CAS10* 
ADS* 37 54 | — CAS11° 
MHLDA 101 50 MD2 
CLK2 195 49 MD3 
GND -- 103 48 MD4 
ES UM82C388 a ма 
PAS 198 46 MD6 
PM 105 45 MD7 
pas — 107 Intel Cache ма | сао 
PAG 108 ye op 
dad 2 | Ї Ї 42 N.C. 
РАВ —| 110 nterrace fre 
PAS ын до — NC. 
РА10 112 шон 
РА11 113 - ЭРЭ 
РА12 114 us C 
PA13 115 x 12 
РА14 116 Е NS 
PA15 117 яя 
РА16 118 x M 
AA 119 ха ис 
мо 120 - 2. 
1234 5 6 7 8 9 101112 13 14 151617 18 19 20 2122 23 24 25 26 27 28 29 30 
eo | | | | | С) O о со о ЛА. 
© Фо =— сч Der O — су e ч а LN су I . Р Р ç : 
бот Фоччозч< << < <22< <<< 2: 2099009 
эхх алтсслпасо да yg 5222222 > 


Figure 2. Pin Configuration 
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VI Functional Description 





(a) Memory Mapping: 


The memory mapping of UMC 386PC/AT chip set is shown in Figures 3 and 4. 
The 640 KB of base memory can execute existing MS-DOS applications developed for 
80286-based product. On top of the base memory is 128KB video RAM, 64KB LIM 
pages and 128KB system BIOS. The extended memory can be 1M, 2M, 3M, 7M, and 
11M bytes. The size of the memory is determined by SIMM1M, EXTRA1, and EXTRA2 
as listed in table 2. 
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| зммм | EXTRA1 ЕХТНА2 | System Memory DRAM Type 


EUR а 





0 | 0 1M 
1 | 0 2M 256K 
1 x 1 3M 
1 20 0 АМ 
1 1 | 0 8M | 1M 
| 
1 | 1 | 1 12M 
——— M €— 
0 | O | 1 “Педа! 
5141. 
Table 2 
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да! | UM82C388 
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RAM Diagnostic & . 
Relocation 
Register 


8XCOXXXX 


FFFFFF 


Banki ^ rAQgopo Relocated — | 384K- 


BIOS 


2 : 2ЕЕЕЕЕ 
Вапк 3 200000 1M 
1FFFFF 
Bank 2 100000 1M 
OFFFFF | 
128KB Video 
RAM & 64KB 
LIM Pages 
O9FFFF | | 
000000 DOS Base Memory 640K 





Figure 3. Memory Mapping when using 256K DRAM. МЗ2“ is active in all 
regions except in regions marked "not used" and video RAM and LIM pages. 
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RAM Diagnostic & 














8ХСОХХХХ Relocation 
Register 
ЕЕЕЕЕЕ Relocated 
| 4К 
Bank! ^ FA0000 BIOS = = 
O 
| е 
5 
с 
ВЕЕЕЕЕ 
Вапк 3 800000 4М 
ТЕҒЕҒЕ | 
ЗЕҒЕҒЕ 
0Е0000 BIOS — шан 
128КВ Video 
НАМ & 64КВ 
LIM Pages 
OOF FFF DOS Base 


Figure 4. Memory Mapping when using 1M DRAM. МЗ2“ is active in all regions except in 
regions marked “not used” and video RAM and LIM pages. 
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(5) ROM Mapping: 


Of the 384KB of memory addressed on top of the 16MB address space, the last 
128KB has a special addressing feature. This 128-KB block, starting at address 
ҒЕ0000, сап be relocated (mapped) via special hardware map registers to the system 
BIOS (0Е0000 - OFFFFF). When mapped, the 128-KB RAM block normally located at 
ЕЕ0000 can be addressed at either ҒЕ0000 ог 0E0000. Тһе ROM devices аге по! 
accessible while the RAM is mapped to the address space normally occupied by the 
ROMs. 


In addition to this relocation capability, the 128KB block of RAM beginning at 


_ address ҒЕ0000 can be write-protected by special hardware registers on the system 


memory board. The relocation and write-protection capabilities allow the system ROM 
to be replaced by high-speed RAMs having the same contents (Shadow RAMs). 


(c) Memory Mapped Registers: 


UM82C388 has two memory-mapped registers: one is used in RAM 
relocation, the other is for RAM diagnostics 


RAM relocation: 


The address and contents of the special memory-mapped hardware register 
used in the RAM relocation are shown in the following bit map. This register is a write- 
only register: 


RAM Relocation --> Memory-Mapped Address 80C00000 (write only) 
Bit 
7 6 5 43 2 10 T3 
— o = Relocate 128-KB block at FE0000 to address 0E0000. 
1- 128-KB is addressed only at ҒЕ0000. 
0 = Write-protect RAM at ҒЕ0000. 
1 = Do not write-protect the 128-КВ RAM at ҒЕ0000. 





- Don't Care. 
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RAM Diagnostics: 


The RAM diagnostics register helps test memory subsystems. This register 
allows a diagnostics program to read the state of memory configuration jumpers on the 
system memory board. The register also contains the status of the parity bits for each 
ofthe four bytes of a 32-bit memory access. RAMs сап be tested very quickly, because 
they are performed by reading and writing 32-bit data patterns. When a parity error is 
detected, a diagnostics program uses the RAM diagnostics register to determine which 
byte in the 32-bit double-word caused the error. The address and contents of the 
memory-mapped diagnostics register are shown in the following bit map. This register 
is a read-only register. Writing to this register affects the contents of the RAM relocation 
register since they share the same memory location. 
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RAM Relocation --> Memory-Mapped Address 80С00000 (write only) 
1 0 
x L= 0 = Parity error in byte 0. 
0 = Parity error in byte 1. 


0 = Parity error in byte 2. 


0 = Parity error in byte 3. 


Always 1. 


1 = Memory 3rd bank is installed. 


1 = Memory 3nd bank is installed. 


Always 1. 
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(d) Bus Cycle Status Definitions 


Table 3 gives the bus cycle status definition forthe MHLDA, M/IO* D/C*, and W/R" 
signals: | 


MHLDA M/IO* D/C* W/R* . Cycle Type 


0 0 | CPU Interrupt Acknowledge 
-- | р 9 
0.1... Invalid Cycle Type 


0 | CPU I/O Read 
1 CPU ИО Write 


1 | 
__ | о | CPU memory Instruction Prefetch Read _ 
Го |4 
1 


1 
1 
1 


0 CPU Memory Data Read 


1 | СРО Memory Data Write ` 





| 
| 


00 7 Invalid Cycle type E 
0 | 1 | DRAM Refresh - 3 (see note 


DMA Memory Write 


0 
1 DMA Memory Read 
0 Invalid Cycle Type 











: | 





1 DRAM Refresh - 2 (see поје 
ШЕГЕН Моп-СРІ) Cycle - Transition State 


| 12222 DRAM Refresh - 1 (see note) 


Note: DRAM Refresh Cycles follow the following sequence: 
122232 22 1 


Table 3 


6—174 








0М82С388 
(7) АЛЕ Intel Cache Interface 








(e) RAS, CAS signals and DRAM Module 


In order to reduce loading for RAS and CAS signals, six RAS signals andtwelve CAS 
signals are generated to drive three banks of DRAMs. The following tables illustrate the 
connection of RAS and CAS signals to different banks of DRAMs. 














Bank 1 RASO', RAS1*, CASO* - CAS3* Р 
8 
Вапк 2 RAS2*, RAS3*, CAS4' - CAS7* 2 
Вапк 3 RAS4*', RAS5*, CAS8* - СА$11* 
31 24 23 16 15 8 7 0 

Bit# | 

Вапк 1 CAS3* CAS2* CAS1* CASO" 

Bank 2 СА57' CASe' - CAS5* CAS4* 

Bank 3 CAS11* CAS10* CAS9* САЗВ“ 

Вапк 1 RAS1* RASO* 

Bank 2 `  RAS3* RAS2* 

Bank 3 RAS5' RAS4* 
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() DRAM Address corresponding to CPU Address 


The following table illustrates the DRAM address corresponding to the CPU 
address when using 256K or 1M DRAMs. 








256K DRAM 1M DRAM 
DRAM Address Column Row . Column Row 
- DRAO PA2 PA12 | РА? | РА12 
| - ОВА1 | РАЗ | РА13 РАЗ РА13 
| РА4 РА14 


- DRA2 | РА4 |... PA14 
- DRA3 5 | PAIS | PA5 PA15 











- DRA5 











РАБ 
- ОВА4 PA16 | PAG РА16 
РА7 | 






DRA8 ` 


ОВА9 | | 0 | 0 | PAM РА21 


Note: DRAO - ОВА? are in opposite phase with the real CPU address. 
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| General Description 





The UM82C389 Cache Interface Chip is one of the UMC 0М82С380 series High 
End AT (HEAT) chip set. As a DRAM controller, 0М82С389 works in tandem with 
UM82152 Cache Controller to form an efficient cache memory subsystem. This highly 
integrated Cache Interface chip contains all necessary glue logic components to 
interface UM82152 directly to UM80386 CPU. It is also carefully tailored to be directly 
pin replaceable with the UM82C384 Page Memory Controller: one motherboard is 
sufficient for both Page/Cache modes. 


П Features 


• Supports a flexible system memory configuration: 
a) 1M, 2M or 3M using 256Kx1 DRAM 
b) 4M, 8M or 12M using 1Mx1 DRAM 
• Uses normal page DRAM (Static column is unnecessary) 
e Handles 80ns/100ns DRAM speed at 25MHz system speed 
e Accepts short precharge time DRAM to boost system performance 
• 120 pin flat package in 1.24 CMOS technology 


lil Block Diagram 





CACHERST, 
AADS*, 


























ADS", Signal M Controller Fett Е 

D/C’, Decoder Interface A Y° Сотгойег 
ын ААР UM82152 
MLE | ЗУЗАСК- 

LOWA? ЕЯ Registers | 







READY”, DRAM 

PARITY” ы Controller 
WRFAST, 

SWAIT2/3" 


Address 
Decoder 






ВЕО"..ВЕЗ", ——> 
PA2..PA31 RASO*..RASS 
CASO*..CAS11* DRAM' 
DRAO..DRAQ, 
MDO..MD7, 
МАО“. 


SIMMM1, 
EXTRA1, 
EXTRA2 

DRW* 


PERRO'"..PERRO3* 
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IV Рт Configuration 








С So + о DERE 
ssa s+ Z +. бе, Or NO ч їр 
Сос GTA < z mr r Q L oO o Ф о 00 Ф dg 
O ü u u < ©) шш= 02 Z o < < < < < 
> ппппа Z ва Нав 06555 25565 


CASO* 


CAS1* 


CAS2* 


0М82С389 


82 За 
< < < O 
O O O> 


90 8988 87 86 85 8483 8281 80 79 78 7776 75 74 7372 7170 69 68 67 66 6564 63 6261 


GND 
CLK’ 
SIMM1M 
ЕХТНА1 
ЕХТНА2 
LOWA20 
ADS* 
D/C* 
МЛО" 
УУР” 
MHLDA 
CLK2 
GND 
PA2 
РАЗ 

РА4 
РА5 
РА6 
РА? 
PA8 
PAS 
PA10 
PA11 
PA12 
PA13 
PA14 
PA15 
PA16 
РА17 
GND 


UM82C389 


Austek Cache 
Interface 
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Figure 1. Pin Configuration 
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SAMPLE 
SYSRD* 
SYSWR" 
VDD 


Austek Cache Interface 





GND 
СА56" 
СА57" 
СА58" 
СА$9* 
СА$10* 
CAS11* 
GND 
MDO 
MD1 
MD2 
MD3 
MD4 
MD5 
MD6 
MD7 
GND 
АА? 
ААВ 
АА9 
АА10 
АА11 
АА12 
АА15 
АА20 
AM/IO* 
AADS* 
AREADY* 
SYSACK" 
GND 
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VI Functional Description 





The Cache Interface has two major functions: 


1) Intercepting and modifying all contro! signals between UM80386 CPU and the 
Cache Controller UM82152 for different bus cycles (Reset, Memory, 1/О, DMA) 


2) Working as DRAM controller underneath the Cache Controller 
Following is the operation of Cache Interface in different bus cycles: 


1) Reset: upon receiving active RST*, Cache Interface generates CACHERST 
signal correctly synchronized with СЕК" for the Cache Controller. 
The internal flip-flops of Cache Interface are also forced to initial known 
states. 


2) МО: Cache Interface converts all ИО cycles from UM80386 to memory cycles 
to Cache Controller. | 


3) Memory: 


a) Normal Memory: all control signals are passed directly to Cache 
Controller. If a miss occurs, DRAM Controller will be activated to transfer 
data from ОКАМ to UM80386. 

b) Memory-Mapped І/О: only 2 devices are mapped; they are the Cache 
Controller and the Register of Cache Interface. 

C) Non-Existing Memory Locations: these cycles will be terminated and the 
corresponding entries in tag RAM will be invalidated to avoid data stalling. 


4) D(irect) M(emory) A(ccess): during the ОМА read cycles (i.e. даа coming 
from DRAM), Cache controller is forced idle. However, during the DMA Write 
cycles, Cache Controller will watch over the address bus; if anyaddresses match 
any entries of tag RAM, the corresponding entries will be invalidated. 
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Cache Interface can be divided into 5 logic blocks: Control Signal Decoder, Address 
Decoder, Registers, Cache Controller Interface and DRAM Controller. 


" 


Control Signal Decoder: decodes all incoming control signals from 80386 10 
activate either Cache Controller or DRAM Controller depending on bus cycle 


(Reset, Memory, І/О, or DMA bus cycles). 


Address Decoder: maps all incoming addresses to actual physical on board 
memory; activates M32" if existing memory locations are referred to. | 


Registers: store various options to program the Cache Controller Interface 
as well as the DRAM Controller. 


Cache Controller Interface: provides all necessary signals to control Cache 
Controller. 


DRAM Controller: generates all necessary signals to control DRAM such as 


R(ow) A(ddress) S(elect) C(olumn) A(dress) S(elect), transceiver direction 
control, parity generation & detection. 
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Memory Configurations 








Because 24 bit address is used, only 16MB can be addressed. The minimum 
memory requirement is 1MB. This first 1МВ is mapped into two regions: 640KB of base 
memory and 384KB located at the high end of the 16M address place. More memory 
can be added incrementally provided the following jumpers are setup correctly 








a a MEUS И 5 
SIMM1M EXTRA 1 | ЕХТНА 2 | System Memory DRAM Type S 
£ 
0 | 1М Š 
0 2M 256K Ч 
1 135 ЗМ 





Figure 2. Memory Configuration Set Up 


Different Memory Configurations are illustrated by Figures 3 & 4. 
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Address 
Amount of 
FFFFFFh Memory 
128KB Reserved 128KB Reserved 128KB Reserved | 16MB 
For System Use For System Use For System Use 
FEO000h қ 
256KB Built-In 256KB Built-In 256KB Built-In 
User Memory User Memory User Memory 
ҒА0000һ 
3000001 . ° 3MB 
А . 1 МВ ВАМ 
: ° of 3rd 
. . Вапк 
200000ћ . 2MB 
. 1 МВ ВАМ 
. of 2nd 
. . Bank 
100000h 1MB 
128KB 
system 
ROMs 
OEO0000h 
64KB LIM 64KB LIM 64KB LIM 
Pages and/or Pages and/or Pages and/or 
Option ROMS Option ROMS Option ROMS 
0C0000h 
0A0000h 640KB 
000000h ОКВ 
System System System 
Memory Memory Memory 


Figure 3. Memory Configuration Using 256Kx1 DRAM 
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Address 


FFFFFFh 
ҒЕ0000һ 
FA0000h 
C00000h 
800000h 
„4000001 
1000008 
0E0000h 
0C0000h 
0A0000h 


000000h 


128KB Reserved 
For System Use 


256KB Built-In 
User Memory 





3 MB RAM 
From 1st 
Bank 


64KB LIM 
Pages and/or 


Option ROMS 





System 
Memory 











Amount of 
Memory 
128KB Reserved 128KB Reserved | 16М8 
For System Use For System Use 
256KB Built-In 256KB Built-In 
User Memory User Memory 
: 12МВ 
| 8MB 
4 MB RAM 4 MB RAM 
of 2nd of 2nd 
Bank Bank 
4MB 
3 MB RAM 3 MB RAM 
from 1st from ist | 
Bank Bank 
1MB 
64KB LIM 64KB LIM 
Pages and/or Pages and/or 
Option ROMS Option ROMS 
640KB 
ОКВ 
12M 
System System 
Memory Memory 


Figure 4. Memory Configuration Using 1Мх1 DRAM 
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ROM Mapping 


Of the 384KB memory located at the end of the 16M address space, the bottom 
128KB starting at іа is called Shadow RAM. The Shadow RAM has 2 SESS 
features: 


° Write-protected by controlling a special hardware register named 
CONTROL. 


° Relocated via hardware register CONTROL to the system ROM's location 
(0Е0000П - OFFFFFh); when mapped, this Shadow RAM can be addressed 
at locations FE0000h - FFFFFFh or 0E0000h - OFFFh. The system ROM 
cannot be accessed any longer. 


Therelocation and КҮННЕН capabilities allow the system ROM to be replaced 
with high speed RAM having the same contents (Shadow RAM) 


Memory-Mapped Hardware Registers 





There are 2 registers: CONTROL for diagnostics and control, CACHE for 
programming the cache controller. 


e CONTROL register (address 80C00000h): is partitioned into 2 segments: 
low nibble is read/write while the high nibble is read only. 


IMPORTANT: When writing to CONTROL register, all the bits of low nibble will 
be complemented (i.e. writing 1 will be read later as 0 and vice versa) 
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6 5 4 3 2 1 0 When Read Аз: | 
L 0 = Shadow RAM can be addressed only at ЕЕООООҺ | 
1 - Shadow RAM can also be addressed at ОЕООООЋ 


0 = Shadow RAM is writable 

1 = Shadow RAM is write-protected 

0 = LOWA20 will affect the address coding 

1 = LOWA20 cannot affect the address decoding 
0 - Cache cannot be programmed 

1 = Writing to register CACHE will program UM82152 
0 = 256 DRAM type (SIMM1M = 0) 

1 = 1M DRAM type (SIMM1M = 1) 

0 = 2nd memory bank not installed (ЕХТНА1 = 0) 
1 = 2nd memory bank installed (EXTRA1 = 1) 
0 = 3rd memory bank not installed (EXTRA? = 0) 
1 = 3rd memory bank installed (EXTRA? - 1) 
0 = Standard wait states for write (WRFAST = 0) 
1 = Special wait states for write (WRFAST = 1) 
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“ CACHE register (address 8030xxxxh): actually spreads out 64K memory block 
starting at 80300000h. When bit 3 of CONTROL register is 1, writing to these 
locations will be interpreted by the UM82152 as a programming command 
(check UM82152 data sheet) 
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UM82C389 
АЛЕ Austek Cache Interface 
Да 


Operation 





Because the UM82152 always tries to operate the CPU in pipeline mode, the actual 


length of a bus cycle varies. Неге is the summary of wait states for different 
configurations and situations: 






Number 
SWAIT Read/ Hit/ Single/ Wait of CLK2 


2/34 | WRFAST Write Miss Pipeline _ States Cycles Notes: 
0/1 0/1 Read Hi | Single 





















0 0/1 ' Read — Miss | Single 
= s qu Su Бен Акт нан НИ 
E Write Hit/Miss | Single | 3 12 | 
1 Write Hit/Miss | зтаје 32 | 12/10 10 if previous 
cycle is read 


2 JOE HENNING 


Write Hit/Miss Single 10/8 8 if previous 
| | | cycle is read 


Note: For pipeline mode, subtract 2 from the number of CLK2 cycles of the corresponding bus 
cycle since ADS# is hidden from previous bus cycle (i.e., Read Hit in pipeline mode is 0 
wait states and lasts 4 СІК2 cycles). 


Figure 5. Wait State Summary 
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We at UMC аге constantly looking for more effective 
ways to provide protection for MOS devices. Present 
configurations of protective devices are the result of years 
of research and review of field problems. 


Even though oxide breakdown may happen far beyond the 
voltage levels encountered in normal operation, excessive 
voltages can cause permanent damage. Though we have 
evolved the best-designed protective devices currently 
possible, we recognize that they are not 100-percent 
effective. What is? 


A large number of failed returns have been due to misap- 
plication of biases. In particular, forward bias conditions 
cause excessive current through the protective devices, 
which in turn will vaporize metal lines to the inputs. 
Careful inspection of the device date sheets and proper 
pin designation should help reduce such failures. 


Gate ruptures caused by static discharge have also ac- 
counted for a large percentage of device failures in cus- 
tomers' manufacturing areas. Precautions should be taken 
to minimize the possibility of static charges during handling 
and assembly of MOS circuits. 


The following guidelines for handling MOS devices are 
Offered to assist our customers in reducing the hazards 
which may be detrimental to MOS circuits. Precautions 
listed herein are used at UMC. 


A. Cover all benches used for assembly or test of MOS cir- 
cuits with conductive sheets. Warning: Never expose an 
operator directly to a hard electrical ground. For safety 
reasons the operator must have a resistance of at least 
100K Ohms between himself and hard electrical ground. 


B. Have grounding plates on doors and/or floors of all 
entrances to work areas. These must be contacted by 
people entering the areas. 


C. Have employees wear conductive straps inside and 
outside their shoes so that body charges are grounded 
when entering the work area. 


D. Have employees wear anti-static neutralized smocks to 
eliminate the possibility of static charges being 
generated by the friction of normal wear. 


E. Have employees wear cotton gloves while handling 
parts. Nylon gloves and rubber finger cots are not 
allowed. 


F. To help reduce generation of static voltages, humidity 
should be controlled at a minimum of 35 percent. 





Guide To MOS Handling 


G. Transport all parts in conductive trays. Do not use 
plastic containers. Store axial leaded parts in conduc- 
tive foam, e.g. Velofoam #7611. 


H. АП equipment used in the assembly area must be 
thoroughly grounded. Attention should be given 
to equipment that may be inductively coupled and 
generate stray voltages. Soldering irons must have 
grounded tips. Grounding must also be provided 
for solder pots, reflow soldering equipment, etc. 


|. |t is advisable to place a grounding clip across the 
finger of the board to ground ай leads and lines on the 
board during insertion of ICs to printed circuit boards. 


=J. Use of carpets is discouraged in work areas, but in 


other areas, carpets may be treated with anti-static 
solution to reduce static generation. 


K. Handle MOS parts on conductive surfaces. The handler 
must touch the conductive surface first before touch- 
ing the parts. 


L. No power should be applied to the socket or board 
when the MOS device is being inserted. This permits 
any static charge accumulated on the MOS device to 
be safely removed before power is applied. 


M. Do not handle MOS by their leads unless absolutely 
necessary. Handle MOS devices by their packages 
as much as possible. 


N. In general, materials prone to static charge accumula- 
tion should not come in contact with MOS devices. 


Observe these precautions even when an MOS device is 
suspected of being defective. The real cause of failure 
cannot be accurately determined if the device is damaged 
because of static charge build-up. 


IMPORTANT REMINDER: EVEN THE MOST ELAB- 
ORATE PHYSICAL PREVENTION TECHNIQUES WILL 
NOT ELIMINATE DEVICE FAILURE IF PERSONNEL 
АВЕ NOT FULLY TRAINED IN PROPER HANDLING 
OF MOS DEVICES. 


For further information, please contact Quality Assurance/ 
Reliability Department 


United Microelectronics Corp. 

No. 10, Innovation First Road, 
Science-Based Industrial Park 

Hsinchu City, Taiwan, Republic of China 
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Design Reliability 

Before a new design is approved for production, UMC 
takes into consideration factors which may affect reliability 
such as circuit layout, element structures and characteris- 
tics, final application, process requirements and assembly, 
and packaging specs. These aspects are reviewed in the light 
of quality and reliability standards. Initially, all factors 
are evaluated on a worst case basis and results are moni- 
tored at all stages of the development cycle. These include 
product planning, layout, mask design, pilot production, 
testing and packaging. Only when established quality and 
reliability. standards are met in consecutive pilot runs 
is the product released for production start-up. 


Reliability Qualification Tests 

The reliability tests include life testing, environmental 
testing and mechanical testing. These tests are performed 
in accordance with MIL-STD-883C as the prime standard 
and with EIAJ-IC-121, where applicable. When a new 
technique or product is introduced, the UMC reliability 
engineering department conducts approval and any new 


Table 1. Reliability Test Items & Conditions 
Test Items 
Operating Life 


Bias Life 


зэ 
оз 
Ф 
= 
Ф 
= 
4 


Temperature Humidity 


with Bias 1000 hours 


Test Conditions 


Тд=125°С, 1000 hours 


TA7125'C, 1000 hours 


TA785'C, 85% В.Н 
(rated voltage applied), 





cmm 
as 


Quality/Reliability 


process or product is approved only if it meets specified 
reliability standards and acceptance limits of related tests. 
Table 1. gives the typical conditions for reliability testing. 


Quality Conformance Test 

After initial product evaluations are successfully completed, 
regular testing of volume production is performed on a 
10096 basis so that test specifications are met in all respects. 
Additionally, production lots must pass the sampling 
quality conformance test. Prior to this, the appropriate 
screening tests are performed on each lot of product. 


Engineering Change Control 
Engineering approval testing determines the practicality and 
usability of a process or product. 


Production approval is given only if reliability evaluations 
are successfully met. No device or process change at UMC 
can be implemented unless full customer notification 
and approval is received and the change is verified accept- 
able by the reiiability engineering department. 


Reference 
Standard 


MI L-STD-883C 
1005.7 


MIL-STD-883C 
1005.7 


EIAJ-IC-121 
17 
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Table 1. Reliability Test Items & Conditions (Continued) | 
= Test Items АУА 
High Temperature 


Storage 


18 
MIL-STD-883C я 
EIAJ-IC-121 
MIL-STD-883C 5 
2004.5 15 0 1596 
EIAJ-IC-121 | 
MIL-STD-883C | | А | 
2007.1 Л 15% 
MIL-STO-883C 
БО 






























Reference 
Standard 





Test Conditions 





MIL-STD-883C 
1008.2 








TA =1507 С, 1000 hours 














EIAJ-IC-121 
16 






Low Temperature 
Storage 






Тд=—65 C, 1000 hours 







-65°C ——— 150°C 













MIL-STD-883C 


Thermal Shock 1011.8 


5 min within 10 sec 5 min 
100 Cycles 













—65 С ======150 С 
10 min 10 min 
200 Cycles 








MIL-STD-883C 


Temperature Cycling 10107 


Environmental Test 






121°C, 15 psig (2 atm) 


ke 
Pressure Cooker 10096 R.H. 216 hours 


Salt Atmosphere 


Resistance To 
Soldering Heat 













35 C, 5% NaCl 
24 hours 








260°C, 10 seconds 
(Solder Bath) 








Bend 90°, 0.229+0.014kg 
3 Cycles 






Lead Fatigue 

















230°C + 5 С, 5 seconds 
Flux used 








Solderability 
















100-2000HZ, 20G 
4 min/cycle, X.Y.Z Direction 









Vibration 














Mechanical Test 










1500G, 0.5 ms 
Х.Ү.2 Direction 


Mechanical Shock 














MIL-STD-883C 
2001 2 







Constant Acceleration 30006, 60 sec 
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PACKAGING INFORMATION 





P- DIP 8L Outline Dimension 





* 


A 0.175 Max. 4.445 Max. 
A1 0.010 Min. 0.254 Min. 3 


sog O 045; + 0:102 
|. — 0.002 |. — 0.051 










* 0.004 * 0.102 | 
‚060 1.524 
цас - 0.002 - 0.051 


agio * 0904 ова * 9.102 
ЖЕСЕ 0.360 (0.370 Мах.) 
0.300 + 0.010 7.620 % 0.254 
0.250 (0.275 Мах ) 6.350 (6.985 Max.) 
0.100 + 0.010 2.540 + 0254 
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P- БІР 14L Outline Dimension 








ИТТИ ИСТИИ 
A | 0.175 Мах. 4.445 Мах. 
A | 0.010 Min. 0.254 Min. 








* 0.004 * 0.102 
0.018 0.457 
— 0.002 — 0.051 


* 0.004 * 0. 
B1 0.060 T ранни 
— 0.002 — 0.051 
* 0.004 + 0.102 
0.010 0.254 


Съ | Uma] | отом 
[= | 939 + 000 
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PACKAGING INFORMATION 


P- DIP 16L Outline Dimension 









~ 0.175 Мах. 4.445 Max. 
0.010 Min. | 0.254 Min. | 


| + 0.004 +0. 
0.018 А 0.457 зээг 
- 0.002 - 0.051 
% 0.00 + 0.102 
В1 0.060 шин 1.524 = 
— 0.002 НЬ — 0.051 
+ 0.004 + 0.102 
0.010 - 0.254 : 
0.002 - 0.051 


КС 0.750 (0.770 Мах.) 19.050 (19.558 Мах.) 





0.300 + 0.010 7.620 + 0.254 ` 

0.250 (0.275 Мах.) 6.350 (6.985 Мах.) 

0.100 + 0.010 2.540 + 0.254 — 
0.130 + 0.010 3.302 + 0.254 





- 0.040 Мах. . | 1.016 Max. 
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P. DIP 18L Outline Dimension 





A 0.175 Max. 4.445 Max. 

0.010 Min. 0.254 Min. 
B 
E 





* 0.004 + 0.102 


0.060 1.524 


* 0.004 + 0.102 
0.457 
— 0.002 — 0.051 


0.010 + 0.004 0254 + 0.102 
— 0.002 — 0.051 







я | 019 #000 | 2503054 | 
Гэ | теме рено 
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P-DIP 20L Outline Dimension 













а 0.175 Мах. 4.445 Мах. 
0.010 Ми. 0.254 Min. 


0018 * 0.004 0.457 + 0.102 
— 0.002 — 0.051 
0.060 * 0.004 1524 * 0.102 
— 0.002 — 0.051 
* 0.004 + 0.102 


1.026 (1.040 Мах.) 26. 060 (26.416 Мах.) 


NE WE 0.300 + 0.010 7.620 + 0.254 
NE ND 0.250 (0.275 Max.) 6.350 (6.985 Max. | 










тепе [ее 
[оом | пав 








| (2 UMC PACKAGING INFORMATION 





P-DIP 22L Outline Dimension 












0.190 max. 4.826 Max. 
0.020 Min. 0.508 Min. 


боја + 0.004 aa 01% 

— 0.002 - 0.051 

обо + 9.004 Герд + 0-102 

— 0.002 — 0.051 
E 8010: S9 0254 + 9.102 
— 0.002 — 0.051 









[> | 000 20 a | 27666 84M) _ 
[= | опо тото —| 250 02и — 
Гэ | e= | 9-9 — 
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Соме ч PACKAGING INFORMATION 





P-DIP 24L Outline Dimension 















0.210 Max. 5.334 Max. 
0.010 Min. 0.254 Min. 


+ 0.004 + 0.102 

0.457 
oo — 0.002 — 0.051 
+ 0.004 1524 + 0.102 
– 0.002 — 0.051 
+ 0.004 + 0.102 

010 254 
К - 0.002 d — 0.051 


31.750 (32.004 Max.) 
13.970 (14.605 Max.) 
0.130 + 0.010 3.302 + 0.254 
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P- DIP 28L Outline Dimension 


A1 
| 
JJ. 
с 















ШІСІ 
NE NE 0.210 Max. 5.334 Max. 
0.010 Min. 0.254 Min. 


А 

+ 0.004 | + 0.102 

0.01 0.457 
+ 0.004 + 0.102 

1.524 
4 0.004 4 0.102 

| 254 
0.010 _ 0.002 0.29" Оюя 

МЕН “1.460 (1.470 Мах.) 37.084 (37.338 Мах.) 

0.600 + 0.010 | 15.240 + 0.254 


0.545 (0.575 Мах.) 13.843 (14.605 Мах.) 
p | 0.100 + 0.010 . 2.540 + 0254 





c 
= O 
= 
z 
Uas 
4: 
v 
(2:23 
с 









0.130 + 0.010 3.302 + 0.254 
0.090 Мах. 2.286 Мах. 
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Р- БІР 321 Outline Dimension 












Sys [Dimensions а | imeem — 
0.210 Max. 5.334 Max. 






opis * 0.004 jac 50:02 
— 0.002 — 0.051 


| + 0.004 | + 0.102 
0.050 1.270 
+ . 
оо10 + 9904 0254 + 9.102 
| — 0.002 — 0.051 


| D | 1.650 (1.660 Max.) 41.910 (42.164 Max.) 
0.600 + 0.010 15.240 % 0254 

0.550 (0.575 Max.) 13.970 (14.605 Max.) | 
0.100' + 0.010 2540 + 0.254 

0.130 + 0010. 3.302 + 0254 | 






0.085 Мах. 2.159 Мах. 
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P-DIP 40L Outline Dimension 













4 ae Be — Gn — ваге ЕЕЕ ЕТЕНЕ Т ТЫ ҰЛ ТЕ 


/ 





в 





е1 





B1 











sms | Omer | Dinensons in — 
0.210 Max. 5.334 Max. 


0.018 * 0.004 0457 * 0.102 
— 0.002 — 0.051 
* 0.004 * 0.102 
B1 1.270 
* 0. + 0.1 
. 0.010 S udi 0.254 106 
- 0.002 - 0.051 
| + 


| 

| D | 2.055 (2.070 Max.) 52.197 (52.578 Max.) . 
| 

| 









— 0.600 + 0.010 15.240 + 0.254 
0.550 (0.575 Мах.) 13.970 (14.605 Мах.) 
0.100 + 0.010 2540 % 0.254 
0.130 + 0010 3.302 + 0.254 
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0.090 Мах. 2.286 Мах. 
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P-DIP 48L Outline Dimension 


Е1 

























































































UU Mu uuu : 
| 
< | ААА ПП) Марин 





n 










0.210 Мах. 5.334 Max. 
ап | доом | ойыма 
; + 0.004 + 0.102 
01 0.457 
| + | шиг - 0.002 - 0.051 


+ 0.004 % 0.102 
В1 0.050 — 0.002 1.270 - 0.051 


x + 0.004 + 0.102 
0.010 “0,254 
+ — 0.002 — 0.051 
0 


OD | 2.450 (2.460 Max.) 62.230 (62.484 Max.) 












0.100 + 0.010 


Са [ 9 
= 


0.600 + 0.010 15.240 + 0.254 


0.130 + 0.010 
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Skinny 24L Outline Dimension 


А1 













| 0.175 Мах. 4.445 Мах. 
| 0.010 Min. 0.254 Min. 


0.018 + 0.004 . 0.457 + 0.102 | 
| - 0.002 - 0.051 





0.060 7 0:004 1524 * 0.102 | 
- 0.002 ` — 0.051 


0.010 * | 0254 + Е 

| ° ИТ ПЕШИ ШЕСТИ 
[e ЕКІСІ ІГТЕН ЕЕІСТІСІГІНЕН 
ЕСЕН | | 
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Skinny 28L Outline Dimension 











0.175 Max. 4.445 Max. 


* 0.004 780, 
0.018 * 200 pay 
- 0.002 — 0.051 


+ 0.004 * 0.102 
1 0.060 1.524 
| + 0.004 * 0.102 
0046. 25 0.254 68) 
NE | 1.388 (1.400 Max.) 35.255 (35.560 Max.) 
0.310 + 0010 7.874 % 0.254 
0.288 (0.310 Max.) 7.315 (7.874 Max.) 


0.100 + 0.010 2.540 % 0.254 
0.130 + 0.010 3.302 + 0.254 





0.055 Мах. 1.397 Мах. 
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SO 16L Outline Dimension 
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DETAIL F 


SEE DETAIL F 








0.106 Max. 2.692 Max. 

| 0.004 Міп. 0.102 Міп. 
0.254 
- 0.002 - 0.051 


сов * 0004 слов + 0102 
et _. 0.002 oe 27005 

+ 0.004 + 0.102 _ 
0.010 
BE NE 0.405 (0.425 Max.) 10.287 (10.795 Max.) 
ЗЕ 0 0.295 (0.320 Мах.) 7.493 (8.128 Мах ) 
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SO 201. Outline Dimension 
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SEATING PLANE 








. SEE DETAIL F 








бүлік 
0.106 Мах. 2.692 Max 
EE | 0.004 Min. 0.102 Min 


* 0.004 * 0.102 
ӨӨ! 10.002 пе о 1 


+ 0.004 +0102 
0.504 (0.524 Мах.) 12.802 (13.310 Max.) 
0.295 (0.320 Max.) : 7.493 (8.128 Max) ` 


Dimensions in mm ; 





A1 
C 
иа | | 
| 
: 
ЖАЙ - 






0.055 + 0.008 1.397 + 0.203 
0.042 Max 1.067 Max 
0.006 Max - 0.152 Мах 


0.032 + 0.008 0.813 + 0.203 
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SO 24L Outline Dimension 


е1 










DETAIL Е 


















0.106 Мах. 
| 0.004 Min. . 


* 0.004 * 0.102 
Жа 45919. 0002 9/400. 200061 


+ 0.004 Ң + 0.102 
0.006 _ 0002 ` | 0.152 ^ 0.051 






0.606 (0.611 Max.) 


0.295 (0.320 Мах) | . 7.493 (8.128 Мах.) 
"0.050 + 0006 — 1270 + 0.152 
[99 оян — 


Е 
= СО 
Sz 
е 
vu 
СЕ 
D. 
£ 





t 
10.312 + 0254. 

| | u 0914 + 0.203 

| 0055 + 0.008 `| 1397 + 0203 
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SO 28L Outline Dimension (300 mil) 
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DETAIL F 










0.106 Max 2.692 Max. 
0.004 Min 0.102 Min. 


BENNETT EE 
ши: 
БАР 0.705 (0.730 Мах.) 
0.295 (0.320 Мах.) 7.493 (8.128 Мах.) 
— БЕНЕН: ее 


| Symbol | Dimensions in inch Dimensions in mm 
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SO 28L Outline Dimension (330 mil) 





DETAIL F 





SEE DETAIL F 











0.112 Max 2.845 Max. 
0.004 Min 0.102 Min. 


+ 0.004 + 0.102 
+ 0.004 + 0.102 


x - 
[ 6 091 озен | 15410 еба мек _ 
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PLCC 28L Outline Dimension 







-Dimensions in inch 
0.172 + 0.008 ` 


Do о 0.100 + 0.008 
| + 0.004 
9120002 


| | | | + 0.004 | 
| + 0.004; 
_____- 0002 
_ 0.490 + 0.005 . 


x 0.453 (0.485 Max.) 


2-2 0.050 + 0.006 
0.490 + 0.005 


+ 


0.410 + 0.020 ` 
| 0.410 + 0.020 | 
0.006 Мах. 
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. 4.369 + 0.203 





0.457 


0.453 (0.485 Мах) | 11.506 (12.319 Мах.) 


0.152 Мах. 


· (SEATING PLANE) 
















2.540 + 0203 | 


+ 0.102 | 
— 0.051 ; 





аж 0.102 | 
0.254 _ Е 
















10.414 + 0.508 | 
10.414 + 0.508 ` 
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PLCC 441 Outline Dimension 


(SEATING PLANE) 





[Sms |  Dimeionininh | Dimensionen mm _ 
0.172 + 0.008 4.369 + 0.203 
0.100 + 0.008 2540 + 0.203 


+ 0.004 + 0.102 . 

0.018 _ 9002 0457 _ 0051 
+ 0.004 40102 _ 

+ 0.004 + 0.102 


0.690 + 0.005 17.526 + 0.127 
+ 
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PLCC 52L Outline Dimension 
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Ld — Led 
= Ы — M — 









E1 
G 


TI 












| 


м 





CAAA AAAA 9 ч шь 


: (SEATING PLANE) 



















— = 0.172 + 0.008 4.369 + 0.203 


0.100 % 0.008 2.540 + 0.203 
+ 0.102 


+ 0.102 
— 0.051 


| + 0.102 

= ~ — 0.002 — 0.051 
= 0.790 % 0.005 20.066 + 0.127 
S E 
sss M 
ME NE 
|» | 





0.753 (0.785 Мах.) 19.126 (19.939 Мах.) 
0.710 + 0.020 18.034 + 0.508 


0.710 + 0.020 18.034 + 0.508 


0.006 Мах. 0.152 Мах. 
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РІСС 681 Outline Dimension 





PACKAGING INFORMATION 





3r. 











ТД] 








Y 





E1 









5 | сов! ото 20 
s | een | ecu 
соз 7 000 | олз? ор 
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PLCC 84L Outline Dimension 
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0.100 + 0.008 2540 + 0203 ` 
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0018: C 0 0.487 _ усе 


| + 0.004 + 0.102 
ax — 0.002 шил 


+ 0.004 + 0.102 . 
с 0.008 << 0203 0051 — 


1.190 + 0.005 30.226 + 0.127 ` 
1.153 (1.185 Мах.) . 29.286 (30.099 Max.) 
0.050 + 0.006 1.270 + 0.152 ` 


1.190 + 0.005 | 30.226 + 0127 


um | 1.163 (1.185 Max.) 29.286 (30.099 Max.) 








(1. 
1.117 + 0.020 28.372 + 0.508 


1.117 + 0.020 . 28.372 + 0.508 


1 v | 0.006 Max. 200,152 Мах. ` 
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ОЕР 481 Outline Dimension 
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General 





LU 0.394 (0.420 Max.) 10.000 (10.668 Max.) 
0.394 (0.420 Max.) 10.000 (10.668 Max.) 
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0.030 % 0.006 0.762 % 0.152 
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QFP 641 Outline Dimension 

















И | Dimensions ninen | Dimensions nmm — 
^ 0,120 + 0.010 3.048 + 0.254 
0.008 + 0.004 0.203 + 0.102 

+ 0.004 + 0.102 


+ 0.004 + 0.102 
: eee? 0/002 97:95 0051 


OD | 0.551 (0.576 Max.) 14.000 (14.630 Max.) 
| E | 0.787 (0.812 Мах.) 20.000 (20.625 Max.) 
0.039 + 0.006 1.000 + 0.152 


Г 
Г 
L 0.047 % 0.012 
L1 
y 






ae 0.095 + 0,012 2.413 + 0.305 
SE | 0.006 Max. 0.152 Max. 
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QFP 80L Outline Dimension 
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SEE DETAIL F 





DETAIL F 
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ИШЕН 0.551 (0.576 Мах.) 14.000 (14.630 Мах.) 

КЕЗЕ 0.787 (0.812 Мах.) 20.000 (20.625 Мах.) 

0.032 + 0.006 . 0.800 + 0.152 
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QFP 100L Outine Dimension 
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REPRESENTATIVES/DISTRIBUTORS 





** EUROPEAN REPRESENTATIVES ** 


AUSTRIA 

LEITGEB KG 

HAUPTSITZ BUNKERSTRASSE 58 A-9800 SPITTAL/DRAU, AUSTRIA 
TEL: 222-715-3251 

TLX: 48191 DLEIA 

FAX: 222-712-5218 


BELGIUM 

INELCO ELECTRONICS 

AVENUE DES CROIX DE GUERRE 94, B-1120 
BRUXELLES, BELGIUM 

TEL: 32-2-244-2811 

TLX: 22090 INELCO B 

FAX: 32-2-216-4606 


DENMARK 

AEG-DANSK AKTIESELSKAB 

ROSKILDEVEJ 8-10, 2620 ALBERTSLUND DENMARK 
TEL: 45-42-64-8522 

TLX: 33122 ELAEG DK 

FAX: 45-42-64-8449 


ENGLAND 

MANHATTAN SKYLINE LIMITED 

MANHATTAN HOUSE,BRIDGE RD., MAIDENHEAD 
BERKSHIRE SL6 8DB, GREAT BRITAIN 

TEL: 44-628-75851 

TLX: 847898 MANSKY 6 

FAX: 44-627-82812 


METL | 

СТ. HASELEY TRADING ESTATE GREAT HASELEY OXFORDSHIRE 
OX9 7PF GREAT BRITAIN 

TEL: 44-844-278781 

FAX: 44-844-278746 

TLX: 837150 


PRODUCT ASSESSMENT 

65 CARSHALTON RD. SUTTON SURREY SM1 4LH ENGLAND 
TEL: 44-1-661-6281 

FAX: 44-1-642-0454 

TLX: 8954575 CTC LON G 


FINLAND 

YLEISELEKTRONIIKKA OY 

LUOMANNOTKO 6, SF-02200 ESPOO, PUHELIN 90-452 1255 FINLAND 
TEL: 358-0-452-1255 

TLX: 123212 YLEOY SF 

FAX: 358-0-428-932 


FRANCE 

ASIA MOS 

BATIMENT "EVOLIC 1", 165, BLD DE VALMY, 92705 COLOMBES 
PARIS, FRANCE 

TEL: 33-1-4760-1255, 33-1-4760-1247 

TLX: 613890 F 

FAX: 33-1-4760-1582 


IRELAND 

NELTRONIC LIMITED 

JOHN F.KENNEDY ROAD NAAS RD., DUBLIN 12 IRELAND 
TEL: 353-1-503560 

TLX: 93556 NELT Е! 

FAX: 353-1-552789 


ISRAEL 

UNITEC UNIVERSAL TECHNOLOGY LTD. 

1 MASKIT ST. HERZLLA 46120, ISRAEL P.O.B. 2123 
TEL: 972-52-551-653 

FAX: 972-52-374-932 

TLX: 342577 EML. IL 


ITALY 

ESCO ITALIANA S.P.A. 

VIA F.LLI CASIRAGHI 355, 20099 SESTO S.GIOVANNI, MILAN ITALY 
TEL: 39-2-240-9241, 39-2-240-9251 

TLX: 322383 ESCOM ! 

FAX: 39-2-240-9255. 


THE NETHERLANDS 

ALCOM ELECTRONICS BV 

ESSE BAAN 1, 2908 1) CAPELLE A/D IJSSEL, THE NETHERLANDS 
TEL: 010-4519533 

FAX: 010-4586482 

TLX: 26160 


ELINCOM ELEKTRONISCHE COMPONENTEN 

OOSTERKADE 33,9503 HP, STADSKANAAL THE NETHERLANDS 
TEL: 05990-14830 

TLX: 53378 ELIN М 

FAX: 05990-20360 


PORTUGAL 

NIPOSOM - J. NABAIS, LDT. 

RUE HUMBERTO CRUZ, 4 1900 LISBOA, PORTUGAL 
TEL: 01-894637, 01-894669 

FAX: 01-809517 

TLX: 14028 NIP P 


SPAIN 

VENCO ELECTRONICA S.A. 

GALILEO 249, 08028 BARCELONA SPAIN 
TEL: 34-3-330-9751, 34-3-330-9197 

TLX: 98266 VNCE E 

FAX: 34-3-421-9377 


SWEDEN 

TOPCOMP ELEKTRONIK 
ISAFJORDSGATAN 16 

S-1164 81 KISTA-STOCKHOLM SWEDEN 
TEL: 46-8-752-9265 | 
TLX: 8125008 СОМЕКА S 

FAX: 46-8-757-4175 
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REPRESENTATIVES/DISTRIBUTORS 





SWITZERLAND 

ICCM ELECTRONICS AG 

VULKANSTRASSE 120, CH-8048 ZURICH SWITZERLAND 
TEL: 41-1-432-3434 

TLX: 822101 ICM CH 

FAX: 41-1-432-1070 


TURKEY |. 

BARKEY CO., LTD. 

ABIDE! HURRIYET CAD., YILLAR APT. NO. 18-20/5, Р.К. 677-SISLI 
ISTANBUL, TURKEY 

TEL: 90-1-131-1289, 90-1-148-9147 

TLX: 26900 NED TR, 27843 HEN TR 

FAX: 90-1-131-1129 


W. GERMANY 

DISCOMP ELEKTRONIK GMBH 

SCHARNHAUSER STRASSE 3, 7024 FILDERSTADT 1 
WEST GERMANY 

TEL: 49-711-704061 

ҒАХ:49-711-702640 


ENDRICH BAUELEMENTE FUR ELEKTRONIK | 
HAUPTSTRASSE 56, Р.О.ВОХ 1251 0-7270 NAGOLD W. GERMANY 
TEL: 49-7452-2868 

TLX: 765946 ЕМОНІ D 

FAX: 49-7452-1470 


MANHATTAN SKYLINE GMBH 

WIESBADENER STRASSE 5A 6204 TAUNUSSTEIN-HAHN . 
W.GERMANY | 

TEL: 49-6128-23044 

TLX: 4182704 MSL D 

FAX: 49-6128-21478 


SCHUKAT ELECTRONIC VERTRIEBS GMBH 

KRISCHERSTRASSE 27, D-4019, POSTFACH 10061 D4019, MONHEIM 
W. GERMANY i 

TEL: 49-2173-39660 

FAX: 49-2173-396681 

TLX: 8515732 SELE 


NORWAY 

TOPCOMP ELEKTRONIKK 

BROBEKKVEIEN 38, М-0583 OSLO 5 NORWAY 
TEL: 47-2-7722860 

FAX: 47-2-653930 


** ASIAN REPRESENTATIVES ** 


HONG KONG 

COMPONENT SUPPLIES LIMTED 

RM 705, BLOCK A, 7/F,HHUNGHOM COMMERCIAL CENTRE, 
37-39, MA TAU WAI RD. HUNGHOM, KOWLOON, HONG KONG 


` TEL: 852-365-7171 


TLX: 39933 CSLHK HX 
FAX: 852-764-3074 


S.A.S. ELECTRONIC CO., LTD. 

ВМ 603, TOWER B,HUNGHOM COMM. CENTRE, 

37-39, MATAU МА! RD., HUNGHOM, KOWLOON, HONG KONG 
TEL: 852-362-0271-6 

TLX: 40019 SASEC HX 

FAX: 852-765-6469 


INDIA 

PERMEDIA ASSOCIATES 

14, DREAM LAND HOUSE, 1ST FLOOR, 1/18-B, ASAF ALI RD., 
NEW DELHI-110002 INDIA 

TEL: 91-11-733839, 91-11-732347 

TLX: 031-62136 PAAS-IN 

FAX: 91-11-644-1711 


JAPAN 
RECTRONICS CORP. 
2F, S S BLDG 6-8-16 NISHIKASAI EDOGAWA-KU, TOKYO(134), JAPAN 


: TEL: 81-3-878-2901 


FAX: 81-3-878-2905 


JAPAN MACNICS CORP. 

516, IMAIMINAMI-CHO, NAKAHARA-KU, KAWASAKI-CITY, 211 JAPAN 
TEL: 81-44-7110022 

TLX: 28988 JAPNAC 

FAX: 81-44-7112214 


NISSEI ELECTRONICS, LTD. 

HITACHI ATAGO BLDG. 15-12, NISHI-SHIMBASHI 2-CHOME. 
MINATO-KU, TOKYO 105 JAPAN 

TEL: TOKYO 03-504-7922 

TLX: J27481 NISSELEC 

FAX: TOKYO 03-504-7900 


KOREA 

DONGJIN TRADING CO., LTD. 

SUITE 302, CHANGWON BLDG., 515-44 MANGWOO-2-DONG, 
JUNGLANG-KU, SEOUL, 131-232 KOREA 

TEL: 82-2-4912211-5 

TLX: K27658 DOJICO 

F AX: 82-2-4919861 


KORTRONICS ENTERPRISE 

RM. 202, SEOJUNG BLDG., 830-24, YOKSAM-DONG KANGNAM-KU, 
SEOUL, KOREA 

TEL: 82-2-562-9055-7 

TLX: K26759 KORTRON 

FAX: 82-2-557-1096 


SINGAPORE 

SINTRONIC COMPANY 

996 BENDEMEER RD., 406-03, KALLANG BASIN IND., ESTATE, 
SINGAPORE 1233 

TEL: 65-294-3815 

TLX: KUMARS RS24337 

FAX: 65-298-8658 
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SUMITECH SYSTEMS PTE LTD 

1 ROCHOR CANAL ROAD, N#06-60 SIM ОМ SQUARE 
SINGAPORE 0718 

TEL: 3385411 

FAX: 3388478 

TLX: RS 35014 


JMC JAPAN MACNICS CORP. 

1 SELEGIE ROAD, #09-10 PARADIZ VENTRE, SINGAPORE 0718 
TEL: 3387844, 3387848 

FAX: 3386410 


THAILAND 

SUMMIT ENGINEERING CO., LTD. 

4TH FOLLR, CHAL-SAGUAN BUILDING, 1755/1, 

NEW PETCHABURI RD., BANGKOK 10310, THAILAND 
TEL: 662-255-5978/9, 253-6350/4 

FAX: 662-255-5980 


REPRESENTATIVES/DISTRIBUTORS 


** OTHERS REPRESENTATIVES ** 


S. AFRICA 

PROMILECT (PTY) LTD. 

32 THORA CRESCENT WYNBERG 2090 S.AFRICA 
TEL: 27-11-887-2110 

TLX: LE. 424052 

FAX: 27-11-887-3872 


TAIWAN 

BRIGHT UP INDUSTRIES CO., LTD. 

12/F-8, 8142, CHUNG HSIAO E. RD., SEC 4, TAIPEI, TAWAN, В.О.С. 
TEL: 773-2194, 776-5455 

TLX: 14189 BRIUP 

FAX: 751-9545 


COMMONWORTH ENTERPRISE CO., LTD. 

4/Е #78 , CHUNG CHENG 3RD., ВО. KAOHSIUNG, TAIWAN, R.O.C. 
TEL: 07-282-8806, 07-211-8492 
FAX: 07-272-6411 


GOLDEN DEVICE ELECTRONICS CO., LTD. 

12F, NO.121, SEC. 1, HSIN SHENG S. RD, TAIPEI, TAIWAN, R.O.C. 
TEL: 776-5066 

TLX: 13508 GDNDEV 

FAX: 731-5876 


JIUNTAIR ENTERPRISE CO., LTD. 

RM 9,6/F,#103 CHUNG CHENG 4TH RD., KAOHSIUNG, TAIWAN, R.O.C. 
TEL: 07-281-4204 07-281-2221 

FAX: 07-251-8240 


UNITECH DEVICE CORP. 

6/F-2, NO.142, CHUNG HSIAO Е. RD.,SEC.4, TAIPEI, TAIWAN, R.O.C. 
TEL: 776-0560 - 5 

FAX: 731-3100 
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 REPRESENTATIVES / DISTRIBUTORS 


** NORTH AND SOUTH AMERICAN REPRESENTATIVES ** 


ALABAMA / MISSISSIPI / TENNESSEE 

ACM, INC. 

3054 LEEMAN FERRY RD. SUITE C, HUNTSVILLE, AL 35801 
TEL 205-881-5493 

FAX:205-883-5885 


ARIZONA / NEW MEXICO 

Е.Т.$.А., INC. 

1403 WEST 10TH PLACE, SUITE B-116, TEMPE, AZ 85281 
TEL: 602-921-7122 

FAX: 602-921-7125 


NORTHERN CALIFORNIA 

GNH 

1101 SAN ANTONIO RD. SUITE 400, MOUNTAIN VIEW, CA 94043 
TEL: 415-961-6740 

FAX: 415-961-4979 


GNH 
141 HILL STREET, JACKSON, CA 95642 
TEL: 209-223-3389 


SOUTHERN CALIFORNIA 

DYNAREP (LA) 

1445 LOS ANGELES AVE., SUITE 301V, SIMI VALLEY, CA 93065 
TEL: 805-527-0072 

FAX: 805-527-0433 


DYNAREP (О.С.) 

PLAZA DEL LAGO, 17220 NEWHOPE STREET, SUITE 211 
FOUNTAIN VALLEY, CA 92708 | 
TEL: 714-545-3255 

FAX: 714-545-3717 


PRO SALES 

5625 RUFFIN RD., SUITE 200, SAN DIEGO, CA 92123 
TEL:619-571-1133 

FAX: 619-571-1313 


COLORADO / WYOMING / MONTANA 
MOSS MARKETING 

11811 E. 33RD. AVE. #А, AURORA, CO 80010 
TEL: 303-340-8535 

FAX: 303-341-7930 


FLORIDA 

C. ASSOCIATES 

251 MAITLAND AVE., SUITE 101, ALTAMONTE SPRINGS, FL 32701 
TEL: 407-831-1717 

FAX: 407-831-8767 


^. C. ASSOCIATES 

7. 23083 S.W. 61ST AVE., BOCA RATON, FL 33428 
TEL: 407-488-6090 

“БАХ: 407-451-4927 


“С. ASSOCIATES 
- 3201 GARRISON RD., PALM HARBOR, FL 33563 
TEL:813-736-3422 


GEORGIA 

ACM, INC. 

3169 HOLCOMB BRIDGE RD., SUITE 512 
NORCROSS, GA 30071 
TEL:404-448-7025 

FAX:404-368-1163 


SOUTHERN ILLINOIS / WISCONSIN 

ESA TECHNICAL MARKETING INC. 

5725 ST. CHARLES ROAD SUITE 211, BERKELEY, IL 60162 
TEL: 708-544-0120 

FAX: 708-544-0266 


MARYLAND / VIRGINIA / DC 
ELTRON SALES 

64 CHESTER ST., FRONT ROYAL, VA 22630 
TEL: 703-635-7201 

FAX: 703-635-1933 


MASSACHUSETTS 

ROSEN ASSOCIATES 

85 FRANKLIN ST., NEEDHAM HEIGHTS, MA 02194-0004 
TEL: 617-449-4700 

FAX: 617-449-5245 


MICHIGAN 

А. BLUMENBERG ASSOC., INC. 

25900 GREENFIELD RD., SUITE 242, OAK PARK, Мі 48237 
TEL: 313-968-3230 

FAX: 313-968-3239 


MINNESOTA 

COMPREHENSIVE TECHNICAL SALES, INC. 

6525 CITY WEST PKWY., DEDN PRAIRIE, MN 55344 
TEL: 612-941-7181 

FAX: 612-941-4322 


NEW JERSEY 

ASTROREP INC. | 
271 ROUTE 46, SUITE А-210, FAIRFIELD, NJ 07006 
TEL: 201-808-0025 

FAX: 201-808-9616 


NEW YORK 

ASTROREP INC. 

103 COOPER STREET, BABYLON, NY 11702 
TEL: 516-422-2500 

FAX: 516-422-2504 


EMPIRE TIRE TECHNICAL ASSOC. 

11512. GENESEE ST. SKANEATELES, NY13152 
TEL: 315-685-5703 

FAX: 315-685-5979 


OHIO / WESTERN PA 

SALES PLUS 

7575 TYLER BLVD., SUITE C-45, MENTOR, ОН 44060 
TEL: 216-942-7811 

FAX: 216-942-7643 


SALES PLUS 
8458 INVERGORDON, DUBLIN, OH 43017 
TEL: 614-889-8362 


OREGON / NORTHERN IDAHO / BC CANADA 
ELECTRONIC ENGINEERING SALES 

17020 S.W. UPPER BOONES FERRY RD., SUITE 301 
PORTLAND, OR 97224 

TEL: 503-639-3978 

FAX: 503-684-3326 


EASTERN РА / SOUTHERN МЈ / DEL 
L.D. LOWERY, INC 
2801 WEST CHESTER PIKE, BROOMALL, PA 19008 
TEL: 215-356-5300 
FAX: 215-356-8710 


TX/OK/AR/LA 

SYNERGISTIC SALES 

2250 LAKESIDE BLVD., SUITE 160, RICHARDSON, TX 75082 
TEL: 214-644-3500 

FAX: 214-644-1938 
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SYNERGISTIC SALES 

2250 LAKESIDE BLVD., SUITE 160, RICHARDSON, TX 75082 
TEL: 214-644-3500 

RAX: 214-644-1938 


SYNERGISTIC SALES 

3445 EXECTIVE CENTER DRIVE, SUITE 120, AUSTIN , TX 78731 
TEL: 512-346-2122 

FAX: 512-346-2331 


SYNERGISTIC SALES 

10235 W. LITTLE YORK, SUITE 440, HOUSTON. TX 77040 
TEL: 713-937-1990 

FAX: 713-937-1873 


UTAH / SOUTHERN IDAHO 

WASATCH REPRESENTATIVES 

5282 SOUTH 320 WEST 430-100, SALT LAKE CITY. UT 84107 
TEL: 801-265-0286 

FAX: 801-268-6315 


ROUND VALLEY SERVICE 
478 W. 650 S. OREM, UTAH 84058 
TEL: 801-224-5773 


WASHINGTON 

ELECTRONIC ENGINEERING SALES 

8405 165TH AVE. N.E., REDMOND, WA 98052 
TEL: 206-883-3374 | 

ҒАХ: 206-882-1347 


CANADA 

(MAIN OFFICE) 

SOURCE ELECTRONICS 

7050 BRAMALEA ROAD, UNIT 21; MISSISSAUGA, ONTARIO 
L5S 1T1 CANADA 

TEL: 416-676-0830 

FAX: 416-676-0844 


SOURCE ELECTRONICS 

4875 WEST HILL AVE., MONTREAL, QUEBEC 
H4Y 2W4, CANADA 

TEL: 514-369-0321 

FAX: 514-369-0322 


SOURCE ELECTRONICS 

1074 CHATEAU CRES. ORLEANS, ONTARIO 
K1C 2E1, CANADA 

TEL:613-837-0220 

FAX: 613-837-6763 


BRAZIL 

ROUND VALLEY SERVICE 

AV. PROF. ASCENDIDO REIS 487 
B. INDIANOPOLIS CEP 04027 
SAO PAULO, SP BRAZIL 

TEL: 011-570-9465 

FAX: 011-571-5770 


REPRESENTATIVES/DISTRIBUTORS 


/. ** U.S.A. DISTRIBUTOR LISTING ~ 


ALABAMA 

REPTRON 

4950 CORPORATE DRIVE SUITE 105C, HUNTSVILLE, AL 35805 
TEL: 205-722-9500 | 


· FAX: 205-722-9565 


ARIZONA 

AVED (F) | 

7741 EAST GRAY RD , SUITE #9 SCOTTSDALE, AZ 85260 
TEL 602-951-9788 | 

ҒАХ 602-951-4182 


FUTURE ELECTRONICS, INC.(F) 

4636 E. UNIVERSITY, S #245 PHOENIX, AZ 85034 
TEL: 602-968-7140 

FAX 602-968-0334 


NORTHERN CALIFORNIA 
ALMO ELECTRONICS 
2107 NORTH FIRST STREET, SUITE 690, SAN JOSE, CA 95110 


` TEL: 408-436-8822 


FAX: 408-436-8928 


BELL MICROPRODUCTS, INC. (F) 

550 SYCAMORE DRIVE, MILPITAS, СА. 95035 
TEL: 408-434-1150 

FAX: 408-434-0778 


CYPRESS ELECTRONICS (F) 

2175 MARTIN AVE , SANTA СІ АВА СА 95050 
TFL 408-980-2500 

FAX 408-986-9584 


FUTURE ELECTRONICS, INC.(F) 

575 RIVER OAKS PKWY., SAN JOSE, CA 95134 
TEL 408-434-1122 ` 

FAX 408-433-0822 


MOUSER ELECTRONICS 
370 TOMKONS COURT, GILROY, CA 95020 
TEL. 408-842-5522 


WESTERN MICROTECHNOLOGY (F) 
CORPORATE HEADQUARTERS 

12900 SARATOGA AVE., SARATOGA, CA 95070 
TEL: 408-725-1660 

FAX: 408-255-6491 


SOUTHERN CALIFORNIA 

ALMO ELECTRONICS 

3017 SOUTH DAIMLER STREET, SANTA ANA, CA 92705-5812 
TEL: 714-757-0444 

FAX: 714-757-0410 

AVED INC. (F) 

1582 PARKWAY LOOP.UNIT G, TUSTIN, СА 92680 

TEL: 714-259-8258 

FAX: 714-259-0828 


AVED, INC. (F) 

31194 LA BAYA DRIVE, SUITE 4100, WESTLAKE VILLAGE, CA 91362 
TEL: 818-889-2861 

FAX: 818-889-2472 


AVED INC. (F) 

6397 NANCY RIDGE RD., SAN DIEGO, CA 90121 
TEL: 619-558-8890 

FAX: 619-558-3018 


AVED INC. (F) 

3320 EAST MINERAL KING, UNIT D, VISALIA, CA 93291 
TEL: 209-734-8861 

FAX: 209-734-8865 
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REPRESENTATIVES/DISTRIBUTORS 





BELL MICROPRODUCTS, INC. 
18350 MT. LANGLEY, FOUNTAIN VALLEY, CA 92708 
TEL: 714-963-0667 


CETEC-FUTURE DIV. OF FUTURE ELECTRONICS, INC.(F) | 
3940 RUFFIN ROAD, SAN DIEGO, CA. 92123 

TEL: 619-278-5020 

FAX: 619-576-8564 


CETEC-FUTURE DIV. OF FUTURE ELECTRONICS, INC.(F) 
9301 OAKDALE AVE., # 210, CHATSWORTH, CA 91311 
TEL: 818-772-6240 

F AX: 818-700-0826 


CETEC-FUTURE DIV. OF FUTURE ELECTRONICS, INC.(F) 
1692 BROWNING AVE., IRVINE, CA 92714 
TEL:714-250-4141 

FAX: 714-250-4185 


MOUSER ELECTRONICS (F) 

11433 WOODSIDE AVE., SANTEE, CA. 92071 
TEL: 619-449-2300 

FAX: 619-449-6041 


WESTERN MICROTECHNOLOGY (F) 

1637 NORTH BRIAN STREET, ORANGE, CA 92667 
TEL: 714-637-0200 

FAX: 714-998-1883 


WESTERN MIC ROTECHNOLOGY (Р) 

6837 NANCYRIDGE DRIVE, SAN DIEGO, CA 92121 
TEL: 619-453-8430 

FAX: 619-453-1465 


WESTERN MICROTECHNOLOGY (F) 

28720 ROADSIDE DRIVE, SUITE 175, AGUORA HILLS, CA 91301 
TEL: 818-707-0377 

FAX: 818-706-7651 


COLORADO 

АМЕО - ROCKY MOUNTAINJNC.(NF) — - 

4090 YOUNGFIELD ST., WHEAT RIDGE, CO 80033 
TEL: 303-422-1701 


BETA WINTRONIC (F) 

4935 ALLISON ST., ARVADA, со 80002 
TEL: 303-431-7161 

FAX: 303-431-4964 


CONNECTICUT 

ALMO ELECTRONICS. 

ORCHARD EAST, 31 VILLAGE LANE, WALLINGFORD, CT 06492-2426 
TEL: 203-269-6801 

FAX: 203-269-6527 


FUTURE ELECTRONICS, INC.(F) 

24 STONY HILL RD., BETHEL, CT 06801 
TEL: 203-743-9594 

FAX: 203-798-9745 


FLORIDA `` 
ETEK ELECTRONICS CORP. (NF) 
1490 N. W. 79TH AVE., MIAMI, FL 33126 
TEL: 305-593-1188 
FAX: 305-593-1762 


FUTURE ELECTRONICS, ІМС (Р) 

380 S. NORTH LAKE BLVD. % 1048, ALTAMONTE SPRINGS, FL 32701 
TEL: 407-767-8414 

FAX: 407-834-9318 


FUTURE ELECTRONICS, ІМС (Е) 

4900 N. CREEKSIDE DR., CLEARWATER, FL 34620 
TEL: 813-578-2770 

FAX: 813-576-7600 


CORPORATE: 

REPTRON ELECTRONICS, INC. (F) 

14501 McCORMICK DR., TAMPA. FL 33626 
TEL: 813-854-2351 

FAX: 813-854-1324 


REPTRON ELECTRONICS, INC. (F) 

15420 RACETRACK ROAD, TAMPA, FL 33626 
TEL: 813-855-4656 

FAX: 813-855-7660 


REPTRON ELECTRONICS, INC. (F) 


3320 N. W. 53RD STREET, SUITE 206, FORT LAUDERDALE, FL 33309 
TEL: 800-365-4321 
FAX: 305-735-1121 


VANTAGE COMPONENTS (NF) 

1761 W HILLSBORO BLVD., DEERFIELD BEACH, FL 33441 
TEL: 407-429-1001 

FAX: 407-481-3586 


GEORGIA 

FUTURE ELECTRONIC, INC.(F) 

3000 NORTHWOODS PKWY., SUITE 295, NORCROSS, GA 30071 
TEL: 404-441-7676 

FAX: 404-441-7580 


REPTRON ELECTRONICS (F) 

3040 BUSINESS PARK DR., SUITE H, NORCROSS, GA 30071 
TEL: 404-446-1300 

FAX: 404-446-2991 


ILLINOIS 

GBL GOOLD (F) 

101 LELAND CT., BENSENVILLE, IL 60106 
TEL: 708-860-7171 

FAX: 708-860-7260 


FUTURE ELECTRONIC, INC. 

1000 EAST STATE PKWY, UNIT B, SCHAUMBURG, IL 60195 
TEL: 708-882-1255 

FAX: 708-490-9290 


QPS ELECTRONICS, INC.(NF) 

101 EAST COMMERCE DRIVE, SCHAUMBURG, IL 60173 
TEL 708-884-6620 

FAX: 708-884-7573 


REPTRON ELECTRONICS/CHICAGO(F) 

1000 EAST STATE PARKWAY, SUITE K, SCHAUMBURG, IL. 60195 
TEL: 708-882-1700 

FAX: 708-882-8904 


MARYLAND 

ALMO ELECTRONICS 

8309 B SHERWICK CT. JESSUP, MD 20794-9643 
TEL: 301-953-2566 

FAX: 301-953-0039 


FUTURE ELECTRONICS, INC.(F) 

7165 COLUMBIA GATEWAY DR. # С, COLUMBIA, MD 21046 
TEL: 301-995-1222 

FAX: 301-290-0328 


GENERAL RADIO SUPPLY CO (F) 
6935L OAKLAND MILLS RD., COLUMBIA, MD 21045 
TEL: 301-995-6744 


VANTAGE COMPONENTS (F) 

6925R OAKLAND MILLS DR. COLUMBIA, MD 21045 
TEL: 301-720-5100 

FAX: 301-381-2172 
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Соме ^ A REPRESENTATIVES/DISTRIBUTORS 





MASSACHUSETTS zd VANTAGE COMPONENTS INC. (F) 
ALMO ELECTRONICS (F) 23 SEBAGO STREET CLIFTON, NJ 0701 
356 UNIVERSITY AVE., WESTWOOD, MA 02090-2311 TEL: 201-777-4100 

TEL: 617-329-2555 | БАХ: 201-777-6194 

АИ MOUSER ELECTRONICS (Р) 

AVED ELECTRONICS, INC. (F) 12 EMERY AVE., RANDOLPH, NJ 07869 
200 BUSINESS PARK DR., ANDOVER, MA 01810 TEL: 201-328-3322 

TEL: 508-688-3800 FAX: 201-328-7120 


FAX: 508-794-0159 
WESTERN MIC ROTECHNOLOGY (Р) 


BELL MICROPRODUCTS (F) 264 PASSAIC DRIVE, FAIRFIELD, NJ 07006 
16 UPTON DRIVE, WILMINGTON, MA 01887 TEL: 201-882-4999 
TEL: 508-658-0222 
FAX: 508-694-9987 NEW YORK 
FUTURE ELECTRONICS 
FUTURE ELECTRONICS, INC.(F) 801 MOTOR PARKWAY, HAUPPAUGE, NY 11788 
133 FLANDERS ROAD, WESTBOROUGH, МА 01581 . 22 TEL: 516-234-4000 
TEL: 508-366-2400 FAX: 516-234-6183 
FAX: 508-366-1195 
FUTURE ELECTRONICS, INC.(F) 
WESTERN MICROTECHNOLOGY (F) 333 METRO PARK, FIRST FLOOR, ROCHESTER, М.Ү. 14623 
CORPORATE PLACE 43, 20 BLANCHARD ROAD TEL: 716-272-1120 
BURLINGTON, MA 01803 FAX: 716-272-7182 


TEL: 617-273-2800 
VANTAGE COMPONENTS INC. (F) 





MICHIGAN 1056 WEST JERICHO TURNPIKE, SMITHTOWN, N.Y. 11787 
CALDER ELECTRONICS TEL: 516-543-2000 
4245 BROCTON DRIVE S.E., GRAND RAPIDS, MI 49508 FAX: 516-543-2030 
TEL: 616-698-7400 | 
FUTURE ELECTRONICS, INC.(F) 
REPTRON ELECTRONICS 7453 MORGAN ROAD, LIVERPOOL, М.Ү. 13088 
34403 GLENDALE, LIVONIA, MI 48150 TEL: 315-451-2371 
TEL: 313-525-2700 FAX: 315-451-7258 
FAX: 313-525-3209 
NORTH CAROLINA 
MINNESOTA FUTURE . 
FUTURE ELECTRONICS, INC.(F) 1304 PADDOCK DRIVE, SUITE F-100, RALEIGH, NC 27609 
10025 VALLEY VIEW ROAD, 8196, EDEN PRAIRIE, MN 55344 TEL: 919-790-7111 
TEL: 612-944-2200 FAX: 919-790-9022 
FAX: 612-944-2520 
FUTURE 
REPTRON ELECTRONICS (F) 4701 HEDGEMORE DRIVE, 4812, CHARLOTTE, NC 28209 
5959 BAKER ROAD, SUITE 8360, MINNETONKA, MN 55345 TEL: 704-529-5500 
TEL: 612-938-0000 
FAX: 612-938-3995 REPTRON ELECTRONICS (F) 
5954-A SIX FORKS ROAD RALEIGH, NC 27609 
TEL: 919-870-5189 
жм ЧЕНЗРҮ . FAX: 919-870-5210 
12 CONNERTY COURT, E. BRUNSWICK, NJ 08816-1633 OHIO 
TEL: 201-613-0200 
FAX: 201-613-9689 TELEVOX (NF) 
3203 PRODUCTION CT. P.O. BOX 14750, DAYTON, OH 45414 
ALTA TEL: 513-890-1700 
3443 HADDONFIELD ROAD, PENNSAUKEN, NJ 08109 FAX: 513-454-0494 c 
TEL: 609-488-1442 - 5 
SCHUSTERR = 
FUTURE ELECTRONICS, INC. (Е) 11320 GROOMS ROAD, CINCINNATI, OH 45747 ШЕ 
122 FAIRFIELD ROAD, FAIRFIELD, NJ 07006 TEL: 800-877-6875 5 5 
TEL: 201-227-4346 FAX: 513-489-8686 г 
ҒАХ: 201-227-5305 
SCHUSTER 
FUTURE ELECTRONICS, INC. (F) 2057 D FAST AURORA ROAD, TWINSBURG, OH 44087 
107 GAITHER DR., MOUNT LAUREL, NJ 08054 TEL: 800-521-1358 
TEL: 609-273-2700 FAX: 216-425-1863 


FAX: 609-273-184 
ns REPTRON ELECTRONICS (CLEVELAND) 


GENERAL RADIO SUPPLY CO (F) 30640 BAINBRIDGE ROAD, SOLON, OH 44139 
600 PENN STREET, CAMDEN, NJ 08102 TEL: 216-349-1415 
TEL: 609-964-8560 FAX: 216-349-1634 


FAX: 609-964-2585 
REPTRON ELECTRONICS (COLUMBUS) 
404 E. WILSON BRIDGE ROAD, SUITE A, WORTHINGTON, OH 43085 
TEL: 614-436-6675 
FAX: 614-436-4285 


B—39 





МО 








ОНЕСОМ 

FUTURE ELECTRONICS, INC.(F) 

CORNELL OAKS COPORATE CTR. 

15236 N. W. GREENBRIER PKWY., BEAVERTON, OR 97006 
TEL: 503-645-9454 

FAX: 503-645-1559 


WESTERN MICROTECHNOLOGY (F) 

1800 N.W. 169TH STREET, BEAVERTON, OR 97006 
TEL: 503-629-2082 

FAX: 503-629-6845 


PENNSYL VANIA 

CORPORATE: 

ALMO ELECTRONICS 

2540 METROPOLITAN DR. TREVOSE, PA 19047-6738 
TEL: 215-953-2800 

FAX: 215-364-4926 


ALMO ELECTRONICS 

2542 METROPOLITAN DR., TREVOSE, PA 19047-6738 
TEL: 215-953-2899 

FAX: 215-364-4928 


ALMO ELECTRONICS 

220-7 EXECUTIVE DRIVE, MARS, PA 16046-8312 
TEL: 412-776-9090 

FAX: 412-776-0299 


СМО ELECTRONICS 

530 E. PITTSBURGH, McKEESPORT BLVD., N. VERSAILLES, PN 15137 
TEL: 412-678-6020 

FAX: 412-678-6320 


WESTERN MICROTECHNOLOGY 
(PHILADELPHIA AREA) 
4A EVES DRIVE, SUITE 110, MARLTON, М 08053 
TEL: 609-596-7775 
FAX: 609-985-2797 


TEXAS 

AVED, SOUTHWEST, INC. (F) 

4470 SPRING VALLEY ROAD, DALLAS, TX 75244 
TEL: 214-404-1144 

FAX: 214-404-1194 


AVED, SOUTHWEST, INC. (F) 

6448 HWY 290 E #A103, AUSTIN, TX 78723 
TEL: 512-454-8845 

FAX: 512-459-8043 


FUTURE ELECTRONICS, INC.(F) 

1900 FIRMAN DRIVE, SUITE 150, RICHARDSON, TX 75081 
TEL: 214-437-2437 

‚ FAX: 214-669-2347 


MOUSER ELECTRONICS (F) 
2401 НУУҮ 287 N., MANSFIELD, TX 76063 
TEL: 817-483-4422 

FAX: 817-483-0391 


OMNI PRO (F) 

4141 BILLY MITCHELL DALLAS, TX 75244 
TEL: 214-233-9368 

FAX: 214-385-7508 


OMNI PRO (F) 

7719 WOOD HOLLOW DRIVE, #210, AUSTIN, TX 78731 
TEL: 512-794-9200 

FAX: 512-338-9576 





REPRESENTATIVES/ DISTRIBUTORS 


WSTERN MICROELECTRONICS (F) 

TRINITY SQUARE TECH. CENTER, 2545 TARPLEY ROAD 
CARROLLTON, TX 75006 

TEL: 800-347-9387 

FAX: 214-416-4475 


UTAH 

AVED-ROCKY MOUNTAIN, INC. (F) 

1836 PARKWAY BLVD., WEST VALLEY CITY, UT 84119 
TEL: 801-975-9500 

FAX: 801-977-0245 


BETA WINTRONIC (F) 
2734 S. 3600 WEST, SUITE D, WEST VALLEY CITY, UT 84119 
TEL: 801-966-0236 


FUTURE ELECTRONICS, INC.(F) 

2250 SO. REDWOOD ROAD, SALT LAKE CITY, UT 84119 
TEL: 801-972-8489 

FAX: 801-972-3602 


WASHINGTON 

FUTURE ELECTRONICS, INC.(F) 

4038 148TH AVE. N.E., REDMOND, WA 98052 
TEL: 206-881-8199 

FAX: 206-881-5232 


WESTERN MICROTECHNOLOGY (F) 

14636 N.E. 95TH STREET, REDMOND, WA 98052 
TEL: 206-881-6737 

FAX: 206-882-2996 


WISCONSIN 

FUTURE ELECTRONICS 

20875 CROSSROADS CIRCLE, SUITE 200, WAUKESHA, WI 53186 
TEL: 414-786-1884 

FAX: 414-786-0744 


CANADA 

FUTURE ELECTRONIQUE INC.(F) 

237 BOUL. HYMUS, POINTE-CLARIE, QUEBEC 
CANADA, H9R 5C7 

TEL: 514-694-7710 

FAX: 514-695-3707 


FUTURE ELECTRONIQUE INC (Р) 

82 ST. REGIS CRESCENT NORTH DOWNSVIEW, ONTARIO 
CANADA, МЗ.) 123 

TEL: 416-638-4771 

FAX: 416-638-2936 


FUTURE ELECTRONICS 

1050 BAXTER ROAD, OTTOWA 
K2C2 3P2, CANADA 

TEL: 613-820-8313 

FAX: 613-820-3211 
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' Worldwide Distribution Channels 





Africa 












5 АЛЕ UNITED MICROELECTRONICS CORPORATION | 


CORPORATE HEADQUARTERS: 
NO.3, INDUSTRIAL EAST THIRD ROAD, SCIENCE-BASED INDUSTRIAL PARK, 
HSINCHU CITY, TAIWAN, R.O.C. 


SALES OFFICE: | 
2F, NO.687, ММ SHENG EAST ROAD, TAIPEI, TAIWAN, Н.О.С. 
TEL: 02-715-2455, 717-1739 FAX: 02-716-6291, 716-8304 TLX: 28560 ОМСТРЕ | 


ОЕ 5 О EET SONICS CORPORATION 

UNICORN MICROELECTRONI | | | | | 

3350 5СОТТ BLVD., BUILDINGS 48849, SANTA CLARA, СА 95054, U.S.A. REPRESENTING UMC 
TEL: 408-727-9589, 727-9239 FAX: 408-492-1720, 970-0548 TLX: 172730 ММС SNTA бе 


UNITED MICROELECTRONICS (EUROPE) B.V. 
HOEKENRODE 2, 1102 BR AMSTERDAM ZUIDOOST, THE NETHERLANDS 
TEL: 020-870-766 (3 LINES) FAX: 020-977-826 TLX: 11677 UMC NL 


UMC K. K. 
ЗҒ, 20-29, 2-CHOME TAKANAWA, MINATO-KU, TOKYO, JAPAN 
TEL: 03-280-3661 FAX: 03-280-3663 


UNITED MICROELECTRONICS COMPANY LTD. | 
RM.1003, TOWER B, HUNGHOM COMMERCIAL CENTER, 
37-39 MA TAU WAI RD., HUNGHOM, KOWLOON, H.K. 
TEL: 852-765-7122 FAX: 852-765-7483 
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